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It  is  hard  to  believe,  but  it  has  been  30  years  since  the  publication  of  the 
first  edition  of  Thought  and  Knowledge:  An  Introduction  to  Critical  Thinking. 
The  world  has  changed  in  many  ways  over  the  last  three  decades.  For  the 
first  edition,  I wrote  all  of  the  text  long  hand  (remember  that?)  and  had  it 
typed  by  a professional  secretary  who  had  a sleek  new  typewriter  with  a 
"tape"  that  allowed  her  to  white  out  errors  and  a return  key  so  she  did  not 
have  to  push  the  carriage  return  at  the  end  of  every  line.  I am  guessing  that 
most  readers  have  no  idea  what  any  of  this  means  because  they  never  lived 
in  a world  with  typewriters  or  heard  of  a "carriage  return." 

But,  despite  all  of  the  changes  in  technology  in  the  last  30  years  (yes,  there 
was  a time  when  there  was  no  Internet),  the  need  to  think  critically  has  not 
changed.  One  might  argue  that  it  is  even  more  important  now  that  every- 
one has  easy  access  to  more  information  than  they  can  possibly  use  and 
much  of  that  information  is  biased  in  ways  that  can  be  difficult  to  detect. 
It  is  to  the  users  of  new  and  emerging  technologies  that  I dedicate  this 
book. 

I have  many  wonderful  colleagues,  students,  and  reviewers  to  thank  for 
their  assistance  with  this  edition.  I thank  Heather  Butler,  an  extraordinary 
doctoral  student  who  will  be  Dr.  Butler  by  the  time  you  are  reading  this. 
She  has  helped  me  question,  research,  and  rethink  much  of  what  I know 
about  critical  thinking.  I also  thank  Amanda  Franco,  a doctoral  student  at 
University  of  Minho  in  Portugal  for  carefully  reading  an  early  draft  of  this 
book  and  offering  insightful  recommendations.  Special  thanks  to  Dr.  Heidi 
Riggio  at  California  State  University,  Los  Angeles,  for  her  careful  and  cre- 
ative work  on  the  instructor's  materials  and  student  online  exercises  in  this 
edition  of  Thought  and  Knowledge  and  in  previous  editions.  This  edition 
has  a new  publisher.  Psychology  Press,  a division  of  the  international 
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publisher  Taylor  & Francis.  The  psychology  editor  Paul  Dukes  and  the  edi- 
tor assigned  for  this  book,  Fred  Coppersmith,  have  been  supportive 
throughout  the  process  of  bringing  this  book  to  print,  in  addition,  i have 
been  fortunate  to  have  suggestions  from  some  of  the  top  luminaries  in  the 
field  of  teaching  critical  thinking.  Some  of  the  reviewers  have  chosen  to 
remain  anonymous,  so  1 thank  them  anonymously.  Sincere  thanks  to  the 
following  reviewers: 

Alan  Bensley,  Frostburg  State  University 

Michael  Bishop,  Florida  State  University 

Paul  Carelli,  University  of  North  Florida 

Mary  Dolan,  California  State  University  San  Bernardino 

Dana  S.  Dunn,  Moravian  College 

Frank  Fair,  Sam  Houston  State  University 

Garfield  Gini-Newman,  University  of  Toronto 

Regan  Gurung,  University  of  Wisconsin  Green  Bay 

Ken  Keith,  University  of  San  Diego 

Shari  Kuchenbecker,  Chapman  University 

Kenneth  Manktelow,  University  of  Wolverhampton 

Rob  McClary,  USMC  (ret.) 

Joe  Morrison,  Queen's  University  Belfast 

Lloyd  Noppe,  University  of  North  Carolina  Greensboro 

Steven  L.  Schandler,  Chapman  University 

Deborah  Schweikert-Cattin,  Regis  University 

Eric  Stocks,  University  of  Texas  at  Tyler 

This  edition  benefited  enormously  from  their  insightful  comments. 

i also  thank  my  dear  family,  who  has  been  supportive  of  the  very  long  pe- 
riods of  time  1 spent  at  my  computer  writing  this  edition,  my  husband, 
Sheldon  Halpern,  and  my  children  Evan  and  Karen  Halpern  and  Jaye 
Halpern-Duncan.  Finally,  there  are  the  lights  of  my  life — my  incredible 
grandchildren,  who  have  taught  me  much  about  the  world,  Amanda, 
Jason,  and  Belle. 

it  is  my  sincere  hope  that  you  will  enjoy  this  book  and  come  away  with 
new  skills  and  knowledge  that  will  stay  with  you  for  life.  Never  stop  ques- 
tioning; never  stop  thinking.  Our  future  depends  on  it. 
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Many  people  would  sooner  die  than  think.  In  fact  they  do. 

— Bertrand  Russell  (quoted  in  Macmillan,  1 989) 

Both  of  my  grandmothers  came  from  "the  old  country" — one  from 
Poland  and  the  other  from  Romania.  I recall  stories  from  my  childhood 
about  their  dislike  for  each  other,  which  was  always  kept  as  an  unspo- 
ken but  open  secret  because  despite  their  mutual  dislike,  my  maternal 
grandmother  had  a skill  that  was  needed  by  my  paternal  grandmother. 
Because  of  this  need,  they  had  to  at  least  feign  liking  each  other.  My 
maternal  grandmother  practiced  the  ancient  art  of  cupping.  Many 
people,  including  my  grandmothers,  believed  that  cupping  cured  a 
variety  of  illnesses.  My  maternal  grandmother  would  light  a match  in- 
side a small  cup,  then  after  burning  off  the  oxygen  in  the  cup,  she 
would  put  out  the  match  and  place  the  hot  cup  on  the  back  of  the 
person  seeking  the  cure.  The  cup  would  create  a suction  so  that  when 
it  was  removed,  circles  of  red  welts  would  appear  on  the  skin  where  the 
cup  had  been  placed.  The  theory  behind  this  treatment  was  that  when 
the  cup  was  pulled  off  the  body,  it  would  suck  out  the  illness.  Did  some 
people  who  sought  this  cure  feel  better  afterwards?  Anecdotal  evi- 
dence suggests  that  they  did,  but  were  improvements  caused  by  the 
sucking  action  of  the  cups  or  the  belief  that  it  would  work?  More  im- 
portantly, why  should  we  care  if  at  least  some  people  felt  better  after 
this  treatment?  These  are  all  central  questions  for  our  discussion  of 
critical  thinking. 


The  Need  for  Critical  Thinking  Skills 


Researchers  have  estimated  the  world's  data  storage  capacity  at  295 
exabytes — enough  information  to  fill  a pile  of  CDs  that  would  stretch 
beyond  the  moon.  That  vast  pile  of  information  is  only  getting  vaster: 
It  increases  by  a factor  of  10  every  five  years. 

— Lea  Winerman  (2012,  p.  44) 

We  live  in  the  information  age.  The  pursuit  of  information  has  become  so 
all-consuming  that  many  people  find  that  they  are  constantly  multitasking — 
updating  Facebook  or  other  social  media  pages  while  in  class,  checking 
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email  while  driving,  and  watching  television  while  chatting  with  family 
members  during  dinner.  With  so  much  multitasking,  many  of  us  are  on 
system  overload,  with  the  result  that  we  do  each  task  worse  when  doing 
them  simultaneously  than  if  we  had  concentrated  on  one  at  a time  (Cren- 
shaw, 2008). 

The  Internet  is  an  integral  part  of  most  people's  lives,  with  its  wealth  of 
information  that  exceeds  anything  we  could  have  imagined  even  a decade 
ago.  I cannot  think  of  any  topic  that  is  so  obscure  that  it  cannot  be  found 
with  just  a few  keystrokes  from  a nearby  keyboard.  The  Internet  has  de- 
mocratized knowledge.  The  "important  stuff"  is  no  longer  kept  in  dusty 
library  stacks  that  are  available  only  to  a privileged  few.  Massive  quantities 
of  information  are  available  to  anyone  with  a computer  (or  various  other 
devices)  and  Internet  access — which  is  almost  everyone  except  those  in  the 
most  remote  regions  of  the  world.  But,  the  widespread  availability  of  infor- 
mation has  a down  side.  A racist-hate  website  may  look  like  a reliable  news 
source;  bogus  health  information  is  sold  as  though  it  really  was  "doctor- 
recommended,"  and  information  about  international  conflicts  can  provide 
one-sided  accounts  that  appear  to  be  fair  and  unbiased.  How  can  any  of  us 
know  what  to  believe,  and  how  can  we  use  the  massive  amounts  of  infor- 
mation to  make  informed  decisions? 

The  Twin  Pillars  of  Knowing  and  Thinking 

If  we  cannot  think  intelligently  about  the  myriad  of  issues  that  confront 
us,  then  we  are  in  danger  of  having  all  of  the  answers,  but  still  not  knowing 
what  they  mean.  The  twin  abilities  of  knowing  how  to  learn  and  knowing 
how  to  think  clearly  about  the  rapidly  proliferating  information  that  we 
must  select  from  are  the  most  important  intellectual  skills  for  the  21st 
century. 

Is  there  evidence  that  we  need  to  learn  how  to  think  critically?  Lots  of  it. 
In  what  may  be  the  most  horrifying  tale  ever  told  by  the  prolific  science 
fiction  writer,  Isaac  Asimov  (1989),  he  reported  on  the  true  state  of  scien- 
tific understanding  and  knowledge  by  Americans.  In  a telephone  survey 
conducted  by  the  Public  Opinion  Laboratory  at  Northern  Illinois  Univer- 
sity, Asimov  noted  that  the  researchers  found  over  20%  of  the  more  than 
2,000  adults  surveyed  believe  that  the  sun  revolves  around  the  earth.  Why, 
asks  Asimov,  over  400  years  since  the  scientific  community  agreed  on  the 
fundamental  scientific  fact  that  the  earth  revolves  around  the  sun,  are  the 
vast  majority  of  adults  still  unaware  of  a basic  fact  that  is  "taught"  in  gram- 
mar school  science?  More  recent  findings  include  the  responses  of  6%  if 
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"Just  go  to  www.criticalthinking.com"  by  Kirk  Anderson.  Used  with  permission. 


Americans  who  say  that  the  moon  landing  was  staged  (Griggs,  2009),  and 
there  is  always  the  Flat  Earth  Society,  dedicated  to  the  proposition  that 
well,  you  can  guess  the  rest. 

Over  2.5  million  people  have  purchased  the  Power  Balance  Wristband, 
which  claims  to  improve  energy,  flexibility,  and  balance  (DiSalvo,  2011). 
More  specifically,  the  Power  Balance  (2010)  company  claims  that  "optimal 
health  and  peak  performance  occur  when  your  body  maintains  ionic  bal- 
ance (the  exchange  between  negative  and  positive  charges)  and  free  flow- 
ing energy  pathways  (harmony)  at  the  optimum  frequency"  (Energy 
Balance  & Systemic  Harmony  Are  the  Keys,  para.  1).  These  tiny  silicon 
wristbands  retail  for  $29.95  or  more,  and  in  2010,  the  company  sold  over 
2.5  million  bracelets.  Several  famous  athletes  such  as  Shaquille  O'Neal  and 
David  Beckham  endorsed  the  product  and  CNBC  even  declared  the  wrist- 
band Sports  Product  of  the  Year  in  2010  (DiSalvo,  2011).  In  2010,  after 
demands  from  the  Australian  government  to  produce  evidence  in  support 
of  their  amazing  claims.  Power  Balance  EEC  admitted  that  there  was  "no 
credible  scientific  evidence"  to  support  their  claims,  and  they  offered  a full 
refund  to  customers  (Power  Balance,  2010).  This  is  just  one  example  se- 
lected from  a countless  number  in  which  millions  of  people  spent  billions 
of  dollars  on  a worthless  product. 
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The  depressing  list  of  findings  and  reports  supports  the  conclusion  that 
many  adults  do  not  have  adequate  thinking  and  learning  skills.  It  is  diffi- 
cult to  imagine  any  area  where  the  ability  to  think  clearly  is  not  needed. 
Yet,  few  of  us  have  ever  received  explicit  instructions  in  how  to  improve 
the  way  we  think.  Traditionally,  our  schools  have  required  students  to 
learn,  remember,  make  decisions,  analyze  arguments,  and  solve  problems 
without  ever  teaching  them  how  to  do  so.  There  has  been  a tacit  assump- 
tion that  adult  students  already  know  "how  to  think."  Research  has  shown, 
however,  this  assumption  is  wrong.  The  situation  is  succinctly  summed  up 
by  Bill  Brock,  formerly  the  Republican  Party  chairman  and  currently  an 
international  consultant,  who,  after  reading  a recent  report  on  the  low 
level  of  learning  and  thinking  skills  of  college  graduates,  exclaimed,  "It 
ought  to  terrify  everybody"  (quoted  in  Frammolino,  1993,  p.  A41). 

What  We  Really  Need  to  Know 

Proficiency  in  reading,  writing,  and  arithmetic  has  traditionally  been 
the  entry-level  threshold  to  the  job  market,  but  the  new  workplace  re- 
quires more  from  its  employees.  Employees  need  to  think  critically,  solve 
problems,  innovate,  collaborate,  and  communicate  more  effectively. 

— American  Management  Association,  2010,  p.  1 

What  we  need  to  know  and  be  able  to  do  as  informed  citizens  has  been 
changing  at  an  increasingly  rapid  rate.  The  workforce  is  one  critical  place 
where  we  can  witness  the  dizzying  pace  of  change.  There  is  an  increased 
demand  for  a new  type  of  worker — the  "knowledge  worker"  or  the  "symbol 
analyst,"  a phrase  that  is  used  by  the  U.S.  secretary  of  labor  to  describe 
someone  who  can  carry  out  multistep  operations,  manipulate  abstract  and 
complex  symbols  and  ideas,  acquire  new  information  efficiently,  and  re- 
main flexible  enough  to  recognize  the  need  for  continuing  change  and  for 
new  paradigms  for  life-long  learning.  Workers  in  almost  every  job  category 
can  expect  to  face  novel  problems  in  a workplace  that  is  changing  repeat- 
edly. Familiar  responses  no  longer  work,  and  even  newly  acquired  ones  will 
not  work  for  long. 

Employers  know  what  they  want  from  their  employees  and  what  colleges 
should  be  teaching  their  future  employees  (Association  of  American  Col- 
leges & Universities,  2010).  Their  top  choice  is  teach  students  to  communi- 
cate effectively  both  orally  and  in  writing,  followed  by  "critical  thinking 
and  analytical  reasoning  skills."  1 would  add  here  that  no  one  can  commu- 
nicate clearly  if  their  thinking  is  muddy,  so  these  two  top  concerns  are  in- 
extricably related.  In  fact,  four  of  the  top  five  learning  outcomes  that 
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employers  want  for  their  employees  are  subsumed  under  the  general  head- 
ing of  critical  thinking — applying  knowledge  in  real-world  settings,  analyz- 
ing and  solving  problems,  connecting  choices  to  actions,  and  being  able  to 
innovate  and  be  creative.  The  Partnership  for  21st  Century  Skills  (2004),  a 
coalition  of  national  organizations  that  advocate  for  the  skills  needed  in  a 
global  economy,  makes  it  clear  that  "critical  thinking  and  problem  solving" 
are  essential  for  the  citizens  of  today  and  for  the  future.  Politicians  of  every 
persuasion,  blue  ribbon  panels,  workers,  and  students  all  recognize  the  criti- 
cal importance  of  critical  thinking  as  the  primary  objective  of  education. 

Consider  this:  Most  people  will  finish  their  formal  education  between  the 
ages  of  18  and  22.  Today's  young  adults  are  expected  to  have  the  longest 
average  life  span  in  the  history  of  the  world,  with  most  living  into  their  70s 
and  many  living  into  their  80s  and  90s.  We  can  only  guess  what  life  will  be 
like  in  the  years  2075  or  2085  or  beyond,  years  that  many  of  you  who  are 
reading  this  book  will  live  through.  One  likely  guess  is  that  many  of  today's 
young  adults  will  be  working  at  jobs  that  currently  don't  exist  and  dealing 
with  technologies  that  dwarf  the  imagination  of  present-day  science  fiction 
writers.  What  do  they  need  to  learn  during  their  first  two  decades  of  life 
that  will  prepare  them  for  their  remaining  60-i-  years? 

Thought  and  Knowledge 

Knowledge  will  forever  govern  ignorance:  And  people  who  mean  to 
be  their  own  Governours,  must  arm  themselves  with  the  power  which 
knowledge  gives. 

— James  Madison 
(Texas  Library  Association 
http://www.txla.org/groups/godort/kip-award.html) 

One  of  the  elementary  schools  that  1 attended  as  a child  had  the  words 
"Knowledge  is  Power"  chiseled  into  a concrete  block  above  its  front  door, 
if  i were  asked  to  amend  this  maxim  based  on  my  experiences  over  the 
many  years  since  1 last  past  through  those  doors,  1 would  edit  the  concrete 
block  to  read,  "Thought  and  Knowledge  are  Power"  because  knowledge  is 
powerful  only  when  it  is  applied  appropriately,  and  thought  is  powerful 
only  when  it  can  utilize  a large  and  accurate  base  of  knowledge. 

This  is  a book  about  thought  and  knowledge  and  the  relationship  between 
these  two  constructs,  it  is  about  thinking  in  ways  that  allow  us  to  use  previ- 
ous knowledge  to  create  new  knowledge.  Everything  we  know,  and 
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everything  everyone  else  knows — that  is,  all  existing  knowledge — was  cre- 
ated by  someone.  When  we  learn  Euclidean  geometry,  we  are  learning 
about  knowledge  created  by  the  great  mathematician,  Euclid.  Similarly, 
other  eminent  inventions  and  insights  such  as  the  wheel,  shoes,  video 
games,  toilet  paper,  E = mc^  and  the  “discovery"  of  America,  all  represent 
knowledge  created  by  people.  Knowledge  is  not  something  static  that  gets 
transferred  from  one  person  to  another  like  pouring  water  from  one  glass 
to  another.  It  is  dynamic.  Information  becomes  knowledge  when  we  make 
our  own  meaning  out  of  it.  Of  course,  it  is  silly  to  think  that  we  should  all 
start  from  "scratch"  and  recreate  the  wheel  or  that  each  of  us  needs  to  re- 
invent our  own  version  of  algebra  or  knowledge  in  other  fields  that  is  read- 
ily available  that  others  have  created.  We  build  on  the  knowledge  created 
by  others  to  create  new  knowledge. 

We  also  create  knowledge  every  time  we  learn  a new  concept.  The  newly 
acquired  information  is  used  to  construct  our  own  internal  knowledge 
structures.  ("Knowledge  structures"  is  a technical  term  used  by  cognitive 
psychologists  to  describe  all  of  the  interrelated  concepts  that  each  of  us 
has  about  different  subjects.)  Knowledge  is  a "state  of  understanding" 
that  exists  only  in  the  mind  of  the  individual  knower  (King,  1994,  p.  16). 
We  use  our  existing  knowledge  when  we  receive  new  information  in  order 
to  make  sense  of  the  new  information,  thus  the  acquisition  of  knowledge 
is  an  active  mental  process.  This  idea  was  expressed  more  eloquently  by 
Resnick  (1985,  p.  130)  when  she  said:  "Knowledge  is  no  longer  viewed  as  a 
reflection  of  what  has  been  given  from  the  outside;  it  is  a personal  con- 
struction in  which  the  individual  imposes  meaning  by  relating  bits  of 
knowledge  and  experience  to  some  organizing  schemata." 

A Working  Definition  of  Critical  Thinking 

Ultimately,  it  is  not  we  who  define  thinking,  it  is  thinking  that  defines  us. 

— Carey,  Foltz,  & Allan  (Newsweek,  February  7,  1983) 

Although  many  psychologists  and  others  have  proposed  definitions  for  the 
term  "critical  thinking,"  these  definitions  tend  to  be  similar  with 


Take  a few  minutes  and  think  about  your  own  definition  of  critical 
thinking.  What  would  it  include  and  what  would  it  not  include? 
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considerable  overlap  among  the  definitions.  In  a review  of  the  critical 
thinking  literature,  Fischer  and  Spiker  (2000)  found  that  most  definitions 
for  the  term  “critical  thinking"  include  reasoning/logic,  judgment,  meta- 
cognition, reflection,  questioning,  and  mental  processes.  Jones  and  his 
colleagues  (Jones,  Dougherty,  Fantaske,  & Hoffman,  1995;  Jones,  Hoffman, 
Moore,  Ratcliff,  Tibbetts,  & Click,  1995)  obtained  consensus  from  among 
500  policy  makers,  employers,  and  educators  who  agree  that  critical  think- 
ing is  a broad  term  that  describes  reasoning  in  an  open-ended  manner  and 
with  an  unlimited  number  of  solutions.  It  involves  constructing  a situation 
and  supporting  the  reasoning  that  went  into  a conclusion. 

We  can  think  of  critical  thinking  as  good  thinking,  but  that  definition  leaves 
us  with  the  problem  of  recognizing  what  that  is  and  differentiating  good 
thinking  from  poor  thinking.  Here  is  a simple  definition  that  captures  the 
main  concepts:  Critical  thinking  is  the  use  of  those  cognitive  skills  or  strategies 
that  increase  the  probability  of  a desirable  outcome.  It  is  used  to  describe  thinking 
that  is  purposeful,  reasoned,  and  goal  directed — the  kind  of  thinking  involved  in 
solving  problems,  formulating  inferences,  calculating  likelihoods,  and  making  deci- 
sions, when  the  thinker  is  using  skills  that  are  thoughtf  d and  effective  for  the 
particular  context  and  type  of  thinking  task.  Critical  thinking  is  more  than 
merely  thinking  about  your  own  thinking  or  making  judgments  and  solving 
problems — it  is  effortful  and  consciously  controlled.  Critical  thinking  uses 
evidence  and  reasons  and  strives  to  overcome  individual  biases.  Decisions  as 
to  which  outcomes  should  be  desirable  are  embedded  in  a system  of  values 
and  may  differ  from  person-to-person,  but  the  idea  that  critical  thinking 
makes  desirable  outcomes  more  likely  provides  a way  of  defining  critical 
thinking  (Butler  & Halpern,  2012;  Moseley  et  al.,  2005;  Riggio  & Halpern, 
2006;  Sternberg,  Roediger,  & Halpern,  2007). 

One  of  my  favorite  definitions  of  critical  thinking  was  published  over  50 
years  ago  (1960)  and  comes  very  close  to  a contemporary  notion  of  critical 
thinking:  "Critical  thinking  then  is  the  process  of  evaluation  or  categoriza- 
tion in  terms  of  some  previously  accepted  standards  . . . this  seems  to  in- 
volve attitude  plus  knowledge  of  facts  plus  some  thinking  skills"  (Russell, 
cited  in  d'Angelo,  1971,  p.  6).  In  short,  Russell's  equation  is: 


Attitude  -H  Knowledge  -r  Thinking  Skills  = Critical  Thinking 
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What's  Critical  about  Critical  Thinking? 

The  "critical"  part  of  critical  thinking  denotes  an  evaluation  component. 
Sometimes  the  word  "critical"  is  used  to  convey  something  negative,  as 
when  we  say,  "She  is  a critical  person."  But,  evaluation  can  and  should  be 
a constructive  reflection  of  positive  and  negative  attributes.  When  we  think 
critically,  we  are  evaluating  the  outcomes  of  our  thought  processes — how 
good  a decision  is  or  how  well  a problem  has  been  solved.  Critical  thinking 
also  involves  evaluating  the  thinking  process — the  reasoning  that  went 
into  the  conclusion  we've  arrived  at  or  the  kinds  of  factors  considered  in 
making  a decision.  Daydreams,  night  dreams,  and  other  sorts  of  thinking 
that  are  not  engaged  in  for  a specific  purpose  are  not  subsumed  under  the 
critical  thinking  category.  Neither  is  the  type  of  thinking  that  underlies  our 
routine  habits,  which  although  goal-directed,  involve  very  little  conscious 
evaluation,  such  as  getting  up  in  the  morning,  brushing  our  teeth,  or  tak- 
ing a usual  route  to  school  and  work.  These  are  examples  of  nondirected 
or  automatic  thinking.  Other  examples  of  noncritical  thinking  include 
the  rote  recall  of  information  (e.g.,  listing  state  capitals)  or  the  failure  to 
consider  evidence  that  might  support  a conclusion  that  you  do  not  like. 

In  thinking  about  critical  thinking,  consider,  for  example,  someone  in  need 
of  money  who  decides  to  remedy  this  problem  with  a trip  to  the  racetrack 
where  he  bets  on  a pretty  filly  named  "Handsome  Singer."  There  is  some 
(small)  chance  that  he  will  "win  big"  if  his  horse  comes  in,  but  this  is  not 
an  example  of  critical  thinking,  even  if  he  reflected  on  his  actions  and 
Handsome  Singer  was  the  first  to  cross  the  finish  line.  The  most  likely  out- 
come is  that  he  will  lose  the  money  he  bet,  surely  an  undesirable  outcome. 
On  the  other  hand,  suppose  that  he  invested  his  money  in  a "blue  chip" 
stock  instead  of  betting  it  on  "Handsome  Singer."  There  is  some  chance 
that  he  will  lose  his  money  with  this  strategy,  but  on  average,  in  the  long 
run,  the  likelihood  of  the  desirable  outcome  of  having  more  money  is 
much  higher  with  the  stock  investment  than  it  is  by  betting  at  the  race 
track.  The  investment  is  a rational  or  reasoned  course  of  action,  but  it  can- 
not guarantee  a desirable  outcome.  The  future  is  always  unknown  and 
there  can  never  be  guarantees  about  the  future,  even  for  the  best  of 
thinkers.  A substantial  increase  in  the  likelihood  of  a desirable  outcome  is 
the  best  that  critical  thinking  can  promise,  and  it  is  the  best  hope  for  the 
future  that  anyone  can  offer. 

The  focus  of  this  book  is  on  the  development  and  improvement  of  those 
skills  that  characterize  clear,  precise,  purposeful  thinking.  It  is  a practical 
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book,  based  primarily  on  applications  of  cognitive  psychology  to  memory, 
reasoning,  problem  solving,  creativity,  language,  and  decision  making.  De- 
spite the  fact  that  some  critics  have  claimed  that  critical  thinking  is  just  a 
"fad"  that  will  surely  go  out  of  style,  it  has  a very  long  history  in  psychol- 
ogy and  education.  John  Dewey,  the  pioneering  American  educator  identi- 
fied "learning  to  think"  as  the  primary  purpose  of  education  in  1933. 
Besides,  it  is  difficult  for  me  to  consider  that  the  need  to  think  well  is  a 
"passing  fancy"  that  will  soon  be  out  of  style,  much  like  Rubik's  cube,  "big 
hair,"  and  bell  bottom  jeans. 

Although  psychology  has  been  concerned  with  the  way  people  think  for 
much  of  its  lOO-i-  years  of  existence  as  an  academic  discipline,  cognitive 
psychology,  the  branch  of  psychology  that  is  concerned  with  thought  and 
knowledge,  has  virtually  dominated  scientific  psychology  for  the  past  50 
years.  Cognitive  psychologists  are  concerned  with  learning  about  the  skills 
and  strategies  used  in  problem  solving,  reasoning,  and  decision  making 
and  the  way  these  abilities  relate  to  intelligence.  All  of  this  interest  in 
human  thinking  processes  has  given  birth  to  a new  area  of  psychology  that 
has  come  to  be  known  as  cognitive  process  instruction.  Its  goal  is  to 
utilize  the  knowledge  we  have  accumulated  about  human  thinking  pro- 
cesses and  mechanisms  in  ways  that  can  help  people  improve  how  they 
think.  For  example,  by  examining  correct  and  incorrect  responses  in  a va- 
riety of  situations,  psychologists  have  found  that  at  least  some  of  the  time, 
most  people's  spontaneous  and  intuitive  approaches  to  solving  problems 
are  wrong.  Furthermore,  psychologists  can  often  predict  when  an  incorrect 
response  will  be  made  either  because  of  the  nature  of  the  problem  or  be- 
cause of  common  biases  that  a problem  solver  may  bring  to  the  problem. 
This  knowledge  is  already  being  put  to  use  to  solve  a host  of  applied  prob- 
lems that  range  from  providing  military  personnel  with  map  reading  skills 
to  designing  "user-friendly"  computer  programs.  Ariely  (2009)  has  written 
extensively  on  what  he  calls  "predictably  irrational"  behavior.  The  main 
theme  of  Ariely's  writing  is  that  psychologists  can  predict  with  a high  level 
of  accuracy  the  type  of  irrational  thinking  and  behavior  most  people  will 
engage  in  when  they  are  faced  with  certain  information  and  need  to  make 
a decision.  By  understanding  how  and  when  we  are  irrational,  we  can  make 
better  decisions,  and  by  extension,  we  become  better  thinkers. 


Changing  How  People  Think:  Should  It  Be  Done? 

We  know  that  the  average  American,  because  of  changes  in  the  econ- 
omy at  home  and  abroad,  will  change  work  seven  or  eight  times  in  a 
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lifetime. ...  if  that  is  true,  it  is  clear  that  we  need  an  agenda  as  a people 
for  lifetime  learning. 

— U.S.  President  Bill  Clinton  ("Clinton's  message,"  1994,  p.  6A) 

The  whole  idea  of  influencing  the  way  people  think  may  seem  scary,  it  sug- 
gests terms  like  "mind  control"  and  "propaganda,"  or  perhaps  even  a "Big 
Brother,"  like  the  one  in  Orwell's  chilling  novel  1984,  who  knew  what  you 
were  thinking,  in  reality,  though,  critical  thinking  is  an  antidote  to  the 
kind  of  mind  control  that  worried  Orwell.  Learning  the  skills  of  clear  think- 
ing can  help  everyone  recognize  propaganda  and  thus  not  fall  prey  to  it, 
analyze  unstated  assumptions  in  arguments,  realize  when  there  is  deliber- 
ate deception,  consider  the  credibility  of  an  information  source,  and  think 
a problem  or  a decision  through  in  the  best  way  possible. 

When  1 discuss  the  topic  of  critical  thinking  with  students  and  other  peo- 
ple with  whom  1 come  in  contact,  1 am  sometimes  told  that  there  is  no 
such  thing  as  critical  thinking  because  different  viewpoints  are  "all  a mat- 
ter of  opinion"  and  that  everyone  has  a right  to  his  or  her  own  opinion. 
They  argue  that  a "better  way  to  think"  does  not  exist.  1 certainly  agree  that 
we  all  have  the  "right"  to  our  own  opinion;  however,  some  "opinions"  are 
better  than  others.  Everyone  has  the  right  to  believe  in  phenomena  such 
as  astrology  and  extrasensory  perception  even  if  there  is  no  sound  evidence 
to  support  the  existence  of  these  phenomena,  if  someone  wants  to  have  an 
illness  sucked  from  his  body  with  warmed  cups  or  buys  a so-called  Power 
bracelet  that  is  purely  bogus,  why  should  anyone  care?  There  is  a great  web 
site  that  answers  this  question.  Aptly  named  What's  the  Harm  (http:// 
whatstheharm.net),  it  lists  a large  number  of  phony  medical  cures,  super- 
natural and  paranormal  phenomena,  pseudoscience,  and  more  bogus 
claims  than  i could  imagine  and  documents  the  harm  that  results  when, 
for  example,  someone  opts  for  a phony  medical  cure  instead  of  one  that  is 
based  on  sound  medical  research.  Cupping,  the  "medicine"  practiced  by 
my  grandmother,  is  listed  and  along  with  it  is  a story  of  a man  who  was 
badly  burned  when  the  cupping  procedure  caught  fire. 

James  Randi,  a magician  and  escape  artist  who  is  best  known  for  his  work 
in  debunking  claims  of  psychics  and  others  has  a certified  $ 1 million  fund 
that  will  be  given  to  anyone  who  can  legitimately  demonstrate  paranormal 
ability  under  test  conditions.  There  is  a long  list  of  applicants  including 
psychics,  clairvoyants,  friends  of  the  dead,  someone  who  claimed  she 
could  make  people  urinate  using  the  power  of  her  mind,  and  even  stranger 
claims.  The  $1  Million  Paranormal  Challenge  is  still  unclaimed  (James 
Randi  Educational  Foundation,  2013).  All  beliefs  are  not  equally  good. 
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There  are  countless  examples  of  the  need  for  critical  thinking,  in  every 
political  campaign,  candidates  tell  voters  that  they  are  opposed  to  waste, 
fraud,  pollution,  crime,  and  overpaid  bureaucrats.  These  speeches  are  inevi- 
tably followed  with  loud  cheering  and  applause.  (Pay  attention  to  this 
when  you  watch  the  next  political  convention — regardless  of  the  party.) 
What's  wrong  with  these  speeches?  The  candidates  never  really  say  any- 
thing. I've  never  heard  any  candidate  claim  to  be  for  waste,  fraud,  pollu- 
tion, crime,  or  overpaid  bureaucrats.  Voters  should  ask  them  to  be  more 
explicit  about  their  goals,  how  they  would  accomplish  them,  and  where 
the  money  would  come  from  to  finance  political  plans. 

Here's  another  example,  presented  to  a large  sample  of  13-year-olds:  "An 
army  bus  holds  36  soldiers.  If  1,128  soldiers  are  being  bused  to  their  train- 
ing site,  how  many  busses  are  needed?"  (Chance,  1986,  p.  26).  Most  of  the 
students  tested  had  no  trouble  carrying  out  the  computations.  The  prob- 
lem came  in  using  the  answer  in  a meaningful  way.  Many  rounded  the 
answer  they  received  to  the  nearest  whole  number  and  concluded  that  31 
busses  were  needed.  Others  gave  a decimal  answer  (31.33)  or  showed  the 
remainder  from  their  long  division.  The  problem  was  not  one  of  basic  com- 
putational skills,  but  of  thinking  about  the  kind  of  answer  that  the  problem 
required  and  using  a strategy  that  was  different  from  one  that  was  taught 
in  school,  namely  rounding  "up"  to  the  next  highest  whole  number  rather 
than  rounding  to  the  nearest  whole  number.  Perhaps,  simple  examples  like 
this  one  provide  the  most  convincing  answer  to  the  question  of  whether 
critical  thinking  should  be  taught.  The  most  precious  commodity  of  any 
country  is  thinking,  educated  people.  We  must  make  this  the  goal  of 
education. 


Commercialization  of  Schools  as  a Threat  to  Critical  Thinking 

According  to  the  research  literature,  critical  thinking  is  best  cultivated 
in  a school  environment  that  encourages  students  to  ask  questions, 
to  think  about  their  thought  processes,  and  thus  to  develop  habits  of 
mind  that  enable  them  to  transfer  the  critical  thinking  skills  they  learn 
in  class  to  other,  unrelated,  situations. 

— Alex  Molnar,  Faith  Boninger,  & Joseph  Fogarty  (2011,  p.  i) 

Not  surprisingly,  many  cash-strapped  school  districts  have  turned  to  com- 
mercial sponsors  to  pay  expenses.  As  an  often  unacknowledged  part  of  this 
"deal,"  commercial  sponsors  buy  the  right  to  promote  their  products  to  the 
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children  and  adolescents  in  the  schools  they  sponsor.  The  sponsor's  inter- 
est is  to  promote  the  product  that  they  sell.  They  do  not  want  the  children 
to  learn  to  identify  and  critically  evaluate  the  sponsor's  point  of  view  or  to 
generate  solutions  that  would  make  the  children  less  likely  to  buy  the 
sponsor's  products  (Molnar,  Boninger,  & Fogarty,  2011).  I recall  a situation 
in  which  a beer  company  paid  part  of  the  construction  costs  for  a much- 
needed  new  building  on  a university  campus.  In  return,  the  large  audito- 
rium in  that  building  was  named  for  the  beer  company.  Many  years  ago 
(not  at  my  current  college),  I taught  classes  in  that  auditorium.  As  part  of 
a standard  course  in  introduction  to  psychology,  we  would  study  the  harm- 
ful consequences  of  alcoholism,  and  we  did  this  is  in  a large  room  named 
for  a beer  company! 

In  a recent  report  on  the  way  commercialization  of  schools  has  negatively 
affected  critical  thinking,  the  authors  (Molnar,  Boninger,  & Fogerty,  2011) 
noted  the  importance  of  asking  questions  such  as:  "What  additional  infor- 
mation would  you  want?"  "Are  the  assertions  credible?"  "What  are  two 
solutions  for  a given  problem?"  These  and  other  similar  questions  are  pre- 
sented in  multiple  places  throughout  this  book,  but  do  students  learn  to 
ask  these  questions? 


Empirical  Evidence  That  Thinking  Can  Be  Improved 

Everyone  agrees  that  students  learn  in  college,  but  whether  they  learn 
to  think  is  more  controversial. 

— Wilbert  J.  McKeachie  (1992,  p.  3) 

If  you  have  been  thinking  critically  about  the  idea  of  improving  how  you 
think,  then  you've  probably  begun  to  wonder  if  there  is  any  evidence  that 
thinking  can  be  improved.  Although  there  has  been  some  debate  about 
whether  it  is  possible  to  produce  long  lasting  enhancements  in  the  ability 
to  think  effectively,  we  now  have  a considerable  body  of  evidence  that 
thinking  skills  courses  and  thinking  skills  instruction  that  is  embedded  in 
other  courses  can  have  positive  effects  that  are  transferable  to  many  situa- 
tions. Numerous  qualitatively  different  forms  of  outcome  evaluations  for 
thinking  courses  provide  substantial  evidence  for  the  conclusion  that  it  is 
possible  to  use  education  to  improve  the  ability  to  think  critically,  espe- 
cially when  instruction  is  specifically  designed  to  encourage  the  transfer  of 
these  skills  to  different  situations  and  different  domains  of  knowledge.  In 
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fact,  it  is  difficult  to  identify  any  aspect  of  critical  thinking  that  could  not 
be  taught  and  learned.  We  learn  mathematics  in  the  belief  that  mathemati- 
cal skills  can  be  used  in  real-world  contexts  where  they  are  needed;  simi- 
larly, we  learn  writing  and  speaking  skills  in  the  belief  that  learners  will  use 
these  skills  when  they  write  or  speak  in  any  context.  When  students  take 
courses  designed  to  improve  their  ability  to  work  with  numbers,  write,  or 
speak,  most  students  show  improvements.  There  is  no  reason  why  we 
should  believe  that  instruction  in  critical  thinking  would  not  show  the 
same  positive  effects  as  when  teaching  mathematical,  writing,  or  speaking 
skills.  Here  is  a sampling  of  some  positive  outcomes: 

(1)  In  a large-scale  review  of  the  critical  thinking  literature,  the  Thinking 
Skills  Review  Group  (a  group  of  professionals  in  Great  Britain  that  con- 
ducted an  extensive  review  of  critical  thinking,  2004,  p 4)  concluded  that 
"The  majority  of  studies  report  positive  impact  on  pupils'  attainment 
across  a range  of  noncurricular  measures  (such  as  reasoning  or  problem- 
solving). No  studies  report  negative  impact  on  such  measures."  Even  more 
importantly,  they  found  evidence  that  pupils  can  apply  or  translate  this 
learning  to  other  contexts. 

(2)  A formal  evaluation  of  a nationwide  thinking  skills  program  in  Venezu- 
ela showed  that  students  who  had  participated  in  classes  designed  for  in- 
struction in  thinking  skills  showed  greater  gains  in  orally  presented 
arguments  and  in  answering  open-ended  essay  questions  than  a compara- 
ble control  group  (Herrnstein,  Nickerson,  de  Sanchez,  & Swets,  1986).  Al- 
though this  is  an  older  study,  it  is  particularly  notable  because  the 
researchers  used  an  experimental  design  that  allowed  them  to  conclude 
that  it  was  the  instruction  and  not  some  extraneous  factor  that  caused  stu- 
dents in  the  experimental  group  to  improve  in  their  ability  to  think  criti- 
cally. Students  were  assigned  at  random  either  to  receive  the  thinking  skills 
instruction  or  some  other  "control"  instruction.  Additionally,  the  oral  ar- 
guments and  writing  samples  were  graded  blind;  that  is,  the  graders  did  not 
know  if  the  students  they  were  assessing  had  received  the  thinking  skills 
instruction  or  were  in  the  control  group.  The  results  showed  that  the  tar- 
geted thinking  skills  were  transferred  and  used  appropriately  with  novel 
topics.  Also,  they  showed  greater  gains  than  the  control  group  students  on 
tests  of  general  aptitude  (sometimes  called  intelligence  tests),  problem  solv- 
ing, decision  making,  reasoning,  creative  thinking,  and  language.  This  ex- 
periment provides  strong  support  for  the  conclusion  that  improvements  in 
thinking  are  possible  when  instruction  is  designed  for  this  purpose. 
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(3)  Van  Gelder  (2001)  taught  college  students  how  to  recognize  the  various 
components  of  an  argument,  including  ways  of  determining  how  good  any 
argument  is  and  including  ones  that  you  make  yourself.  After  one  semester 
of  training,  he  found  that  students  made  large  gains  on  a multiple-choice 
test  of  critical  thinking  and  a written  test  that  was  loosely  based  on  the 
Graduate  Record  Examination's  Writing  Assessment  (a  commonly  used  test 
for  entrance  to  graduate  schools).  He  concluded  that  teaching  students 
how  to  recognize  the  structure  and  strength  of  arguments  "appears  to  dra- 
matically accelerate  improvement  in  critical  thinking  when  compared  with 
the  'indirect"  strategy'  (i.e.,  just  being  at  university)"  (p.  546). 

Other  studies  support  the  idea  that  critical  thinking  is  learned  best  when 
the  skills  are  explicitly  taught.  In  a study  with  high  school  students  at  low- 
performing  schools,  Marin  and  Halpern  (2010)  compared  the  critical  think- 
ing skills  of  students  taught  with  explicit  methods  (labeling  the  skills, 
teaching  ways  to  analyze  arguments,  recognize  when  correlations  are  being 
used  to  make  causal  claims,  confirmation  bias  and  stereotypes,  and  how  to 
make  sound  decisions)  to  those  of  students  who  were  taught  these  skills 
implicitly  as  part  of  the  course  materials.  Critical  thinking  gains  were  as- 
sessed with  the  Halpern  Critical  Thinking  Assessment,  which  uses  both 
open-ended  and  multiple-choice  responses.  The  results  showed  a clear 
benefit  for  explicit  instruction  in  critical  thinking. 

(4)  Researchers  in  the  Netherlands  examined  the  effect  of  critical  thinking 
instruction  on  training  and  transfer  in  complex  decision  making.  One 
group  of  students  received  the  instruction  while  working  with  realistic  sce- 
narios that  required  complex  decisions,  and  the  other  group  used  the  same 
scenarios,  but  did  not  receive  the  training  (Helsdingen,  van  den  Bosch,  van 
Gog,  & van  Merrienboer,  2010).  The  researchers  concluded  that  "The 
results  of  this  study  warrant  the  implementation  of  critical  thinking 
instruction  . . . for  decision  makers  that  have  to  operate  in  complex  and 
highly  interactive  dynamic  environments"  (p.  537). 

(5)  Using  a skills  approach,  Facione  (1991;  Facione,  Facione,  & Giancarlo, 
2000)  found  that  college  students  who  received  coursework  in  critical 
thinking  scored  significantly  higher  on  a multiple-choice  test  of  thinking 
skills  than  comparable  students  who  had  not  taken  such  a course.  Other 
studies  have  also  documented  improvements  on  multiple-choice  tests  of 
critical  thinking.  For  example,  Fehman,  Fempert,  and  Nisbett  (1988)  found 
that  graduate-level  college  students  improved  significantly  on  a critical 
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thinking  test  that  included  short  scenarios  about  realistic  situations.  They 
concluded  that  training  with  general  "rules"  of  thinking  is  generalized  to 
other  contexts. 

(6)  Strong  support  for  beneficial  outcomes  from  critical  thinking  instruc- 
tion comes  from  a collection  of  studies  by  Nisbett  and  his  colleagues  (Nis- 
bett,  1993).  For  example,  in  one  study,  Nisbett  and  his  coauthors  phoned 
students  at  their  homes  after  the  coursework  was  completed,  under  the 
guise  of  conducting  a survey.  They  found  that  students  spontaneously  ap- 
plied the  thinking  skills  that  they  had  been  taught  in  school  when  they 
encountered  novel  problems,  even  when  the  school-related  context  cues 
were  absent  (Fong,  Krantz,  & Nisbett,  1986).  In  a different  study,  inductive 
reasoning  tasks  were  taught  to  college  students  using  realistic  scenarios 
from  many  different  domains.  Students  were  able  to  use  these  skills  on  a 
later  test.  The  authors  concluded  that  critical  thinking  is  "a  skill"  and  that 
"it  is  transferable"  Qepson,  Krantz,  & Nisbett,  1993,  p.  82).  Nisbett's  (1993) 
edited  book  contains  16  chapters  that  show  that  rules  of  logic,  statistics, 
causal  deduction,  and  cost-benefit  analysis  can  be  taught  in  ways  that  will 
generalize  to  a variety  of  settings.  A similar  conclusion  about  the  positive 
effects  of  courses  designed  to  promote  critical  thinking  was  reached  in  an- 
other independent  review  of  the  literature  (Chance,  1986;  Bruer,  1993). 

(7)  Additional  support  for  the  conclusion  that  improvements  in  critical 
thinking  transfer  across  settings  was  reported  by  Kosonen  and  Winne 
(1995),  who  studied  the  transfer  of  critical  thinking  skills  to  a novel  do- 
main in  a study  that  used  college,  secondary  school,  and  middle-school 
students  as  participants.  Like  Nisbett,  they  found  that  when  students 
learned  general  rules  about  reasoning  and  practiced  these  skills  with  every- 
day "ill-structured"  problems,  the  thinking  skills  transferred  to  new  con- 
texts and  different  domains.  Appleton-Knapp,  Bjork,  and  Wickens  (2005, 
p.  266)  reported  similar  results.  They  found  that  variation  in  how  informa- 
tion is  encoded  results  in  "more  multi-faceted  memory  representations, 
which  enhanced  recall."  Thus,  it  seems  that  critical  thinking  skills  are 
learned  best  and  are  most  likely  to  transfer  to  novel  situations  when  they 
are  taught  using  a variety  of  different  examples.  Principles  derived  from 
empirical  studies  like  these  (and  others)  that  show  the  successful  transfer 
of  critical  thinking  skills  can  serve  as  a model  for  instructional  design. 
Many  important  principles  from  cognitive  psychology  are  applied  in  this 
text  to  encourage  effective  learning  that  lasts. 

All  of  the  diverse  findings  (and  many  others  that  are  not  reviewed  here 
because  the  relevant  research  literature  is  huge)  point  to  the  same 
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conclusion:  students  can  learn  to  think  more  critically  when  they  receive 
instruction  that  is  designed  for  this  purpose. 

Is  Critical  Thinking  a Byproduct  of  a Good  Education? 

Freshmen  who  enter  higher  education  at  the  50th  percentile  would 
reach  a level  equivalent  to  the  57th  percentile  of  an  incoming  freshman 
class  by  the  end  of  their  sophomore  year.  Three  semesters  of  college 
education  thus  have  a barely  noticeable  impact  on  students'  skills  in 
critical  thinking,  complex  reasoning,  and  writing. 

— Richard  Arum  and  Josipa  Roksa  (2011,  p.  35) 

The  evidence  is  clear:  We  can  get  good  gains  in  critical  thinking  when 
teachers  deliberately  teach  for  critical  thinking.  But,  what  if  teachers  don't? 
Do  students  become  better  thinkers  as  a routine  part  of  getting  a good  edu- 
cation? in  fact,  most  do  not.  Arum  and  Roksa  (2011)  make  this  point  in 
their  condemnation  of  what  happens  in  many  college  classes.  They  fol- 
lowed 2,300  students  at  24  universities  over  four  years.  They  concluded 
that  more  than  one  third  showed  no  improvement  in  critical  thinking. 
Critical  thinking  does  not  automatically  result  as  a byproduct  of  standard 
instruction  in  a content  area.  Critical  thinking  instruction  needs  to  focus 
overtly  and  self-consciously  on  the  improvement  of  thinking,  and  the 
learning  experience  needs  to  include  multiple  examples  across  domains  in 
order  to  maximize  transfer. 

Transfer  of  Training 

Why  Johnny  can't  read  was  one  of  the  central  questions  raised  about 
American  education  in  the  1970s.  Why  Johnny  can't  think  replaced  it 
in  the  1980s. 

— A.L.  Brown  and  J.C.  Campione  (1990,  p.  108) 

All  of  these  studies  that  attest  to  the  effectiveness  of  critical  thinking  instruc- 
tion are  studies  of  the  generalizability  or  transfer  of  critical  thinking  skills. 
The  real  goal  of  any  instruction  to  improve  thinking  is  transfer  of  train- 
ing. What  1 mean  by  transfer  is  the  use  of  critical  thinking  skills  in  a wide 
variety  of  contexts.  The  whole  enterprise  of  learning  how  to  improve  think- 
ing is  of  little  value  if  these  skills  are  only  used  in  the  classroom  or  only  on 
problems  that  are  very  similar  to  those  presented  in  class.  Ideally,  critical 
thinking  skills  should  be  used  to  recognize  and  resist  unrealistic  campaign 
promises,  circular  reasoning,  faulty  probability  estimates,  weak  arguments  by 
analogy,  or  language  designed  to  mislead  whenever  and  wherever  it  is  en- 
countered. Critical  thinkers  should  be  better  able  to  solve  or  offer  reasonable 
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solutions  to  real  world  problems,  whether  it  is  the  problem  of  nuclear  war  or 
how  to  set  up  a new  computer.  These  skills  should  also  be  long  lasting  and 
useful  for  the  many  decades  of  critical  thinking  that  most  of  us  will  face. 
Admittedly,  these  are  lofty  goals,  but  they  are  important  ones.  The  best  way 
to  promote  the  kind  of  transfer  1 am  advocating  is  with  the  conscious  and 
deliberate  use  of  the  skills  that  are  learned  in  a wide  variety  of  contexts. 

Psychologists  know  that  learning  is  enhanced  when  study  time  includes  at 
least  one  test  of  the  material  being  learned  (Roediger  & Karpicke,  2006),  but 
more  recent  work  shows  that  transfer  is  also  enhanced  when  learners  are 
tested  during  learning  (Rohrer,  Taylor,  & Sholar,  2010).  it  seems  that  by 
recalling  information,  the  strength  of  the  memory  increases  and  the  infor- 
mation to  be  learned  is  then  more  available  when  it  is  needed  in  novel  situ- 
ations. it  is  important  to  work  through  a variety  of  different  types  of 
materials  where  critical  thinking  skills  are  needed  to  get  the  most  of  critical 
thinking  instruction.  For  that  reason,  there  is  a variety  of  different  types  of 
problems  presented  about  different  topics  in  the  ancillary  materials  that 
accompany  this  book.  By  working  through  these  problems,  you  will  in- 
crease the  likelihood  that  you  will  recall  and  use  the  thinking  skills  that  are 
presented  in  the  text  and  in  real  life  when  you  really  need  them.  Be  sure  to 
be  on  the  lookout  for  other  instances  when  these  thinking  skills  are 
needed,  and  be  sure  to  use  them! 

Learning  to  Think  Critically:  A Four-Part  Model 


The  model  that  1 have  proposed  for  critical  thinking  instruction  consists  of 
four  parts  (Butler  & Halpern,  2011;  Halpern,  1998): 

1.  Explicitly  learn  the  skills  of  critical  thinking. 

2.  Develop  the  disposition  for  effortful  thinking  and  learning. 

3.  Direct  learning  activities  in  ways  that  increase  the  probability  of 
transcon textual  transfer  (structure  training). 

4.  Make  metacognitive  monitoring  explicit  and  overt. 

Let's  consider  each  of  these  parts. 

A Skills  Approach  to  Critical  Thinking 

As  you  work  your  way  through  the  chapters  in  this  book,  you  will  come 
across  many  different  thinking  skills,  with  each  chapter  containing  those 
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skills  that  are  especially  useful  in  thinking  about  the  chapter  topic.  For 
example,  the  thinking  skills  used  in  understanding  likelihood  and  uncer- 
tainty are  presented  in  that  chapter.  You  may  be  wondering  what  a “think- 
ing skill"  is.  Some  examples  should  help.  Here  is  a list  of  some  generic  skills 
that  are  important  in  many  situations. 

A critical  thinker  will: 

• recognize  semantic  slanting  and  guilt  by  association 

• seek  out  contradictory  evidence 

• use  the  metacognitive  knowledge  that  allows  novices  to  monitor 
their  own  performance  and  to  decide  when  additional  help  is 
needed 

• make  risk:  benefit  assessments 

• generate  a reasoned  method  for  selecting  between  several  possible 
courses  of  actions 

• give  reasons  for  choices  as  well  as  varying  the  style  and  amount 
of  detail  in  explanations  depending  on  who  is  receiving  the 
information 

• recall  relevant  information  when  it  is  needed 

• use  skills  for  learning  new  techniques  efficiently  and  relate  new 
knowledge  to  information  that  was  previously  learned 

• use  numerical  information  including  the  ability  to  think  probabi- 
listically and  express  thoughts  numerically 

• understand  basic  research  principles 

• demonstrate  an  advanced  ability  to  read  and  write  complex  prose 

• present  a coherent  and  persuasive  argument  on  a controversial, 
contemporary  topic 

• use  matrices  and  other  diagrams  for  communication 

• synthesize  information  from  a variety  of  sources 

• determine  credibility  and  use  this  information  in  formulating  and 
communicating  decisions. 

Critical  thinking  instruction  is  predicated  on  two  assumptions:  (a)  there  are 
clearly  identifiable  and  definable  thinking  skills  that  students  can  be 
taught  to  recognize  and  apply  appropriately,  and  (b)  if  recognized  and  ap- 
plied, the  students  will  be  more  effective  thinkers.  Thus,  one  part  of  the 
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model  for  learning  to  become  a better  thinker  is  learning  how  to  use  the 
skills  of  critical  thinking  and  how  to  recognize  when  a particular  skill  (or 
set  of  skills)  is  needed. 

The  Disposition  for  Effortful  Thinking  and  Learning 

All  man's  dignity  lies  in  thought. 

— Blaise  Pascal  (1670,  p.  83) 

No  one  can  become  a better  thinker  just  by  reading  a book  or  even  by  just 
learning  a set  of  thinking  skills  that  would  be  useful  if  they  were  used.  An 
essential  component  of  critical  thinking  is  developing  the  attitude  or  dis- 
position of  a critical  thinker.  Good  thinkers  are  motivated  and  willing  to 
exert  the  conscious  effort  needed  to  work  in  a planful  manner,  to  check  for 
accuracy,  to  gather  information,  and  to  persist  when  the  solution  is  not 
obvious  or  requires  several  steps. 

in  an  empirical  test  of  the  relationship  between  a disposition  to  think 
critically  and  actual  performance  on  a test  of  critical  thinking,  Butler 
(2012)  found  that  adults  who  reported  that  they  were  more  likely  to  en- 
gage in  the  effortful  process  of  thinking  (e.g.,  less  likely  to  rely  on  gut 
decisions  or  to  prefer  one  example  to  a well-conducted  study  and  more 
likely  to  research  products  before  buying)  had  higher  scores  on  a critical 
thinking  assessment  and  actually  engaged  in  fewer  negative  behaviors 
that  were  indicative  of  poor  thinking  (e.g.,  rented  a movie  but  had  to 
return  it  without  watching  it,  bought  new  clothes  but  never  wore  them, 
got  locked  out  of  the  house)  than  those  who  were  less  inclined  to  think 
critically. 

Many  errors  occur  not  because  people  can't  think  critically,  but  because 
they  do  not.  One  of  the  major  differences  between  good  and  poor  thinkers, 
and  correspondingly  between  good  and  poor  students,  is  their  attitude. 
A critical  thinker  will  exhibit  the  following  dispositions  or  attitudes: 

Willingness  to  Plan 

if  everybody  thought  before  they  spoke,  the  silence  would  be  deafening. 

— George  Barzan 

i have  watched  thousands  of  students  (literally)  take  exams.  There  are  al- 
ways some  students  who  begin  to  write  as  soon  as  the  exam  hits  their  desk. 
They  just  plow  ahead  and  begin  writing  before  they  begin  thinking.  Not 
surprisingly,  the  results  are  a disoriented  jumble  that  often  bears  little 
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relation  to  the  questions  being  asked.  When  asked  a question  in  class,  they 
will  often  answer  with  the  first  idea  that  comes  to  mind.  These  students 
need  to  learn  to  check  their  impulsivity  and  plan  their  response.  They 
should  be  outlining  or  diagramming  the  structure  of  a response  before  they 
begin  to  write.  Planning,  the  invisible  first  step  in  critical  thinking,  is  es- 
sential. Planning  seems  to  be  an  important  component  for  changing  many 
behaviors,  especially  health-related  behaviors  such  as  healthy  eating  and 
avoiding  drug  and  alcohol  abuse  (Wiedemann,  Lippke,  Reuter,  Ziegelmann, 
& Schwarzer,  2011).  Regardless  of  the  content,  it  is  useful  to  plan  how  you 
will  think  and  act.  Plans  are  prescriptive  descriptions  about  what  to  do  and 
they  prevent  habitual  responses  that  may  not  work.  With  repeated  prac- 
tice, anyone  can  develop  the  habit  of  planning. 

Self-regulation  is  a popular  concept  in  the  psychological  research  literature, 
it  is  a complex  term  that  has  multiple  components,  which  includes  using 
feedback,  monitoring  comprehension,  assessing  progress  towards  a goal, 
and  making  judgments  about  how  well  something  is  learned  (Bednall  & 
Kehoe,  2011).  There  is  voluminous  literature  showing  that  self -regulation 
is  important  in  learning,  it  is  now  clear  that  critical  thinkers  are  self- 
regulated  learners  (Phan,  2010).  Researchers  taught  college  students  how  to 
use  self-regulatory  behaviors,  and  they  found  that  when  compared  with 
control  groups,  students  who  learned  how  to  self  regulate  performed  better 
on  a test  that  required  detecting  and  explaining  thinking  fallacies  (Bednall  & 
Kehoe,  2011). 

Flexibility 

in  a classic  old  book,  Rokeach  (1960)  talks  about  rigidity  and  dogmatism  as 
the  characteristics  of  a "closed  mind."  A person  with  a closed  mind  re- 
sponds negatively  to  new  ideas  by  stating,  "That's  the  way  I've  always  done 
it."  Another  common  retort  that  shows  the  unwillingness  to  consider  new 
ideas  is  the  well-worn  phrase,  "if  it  ain't  broke,  don't  fix  it."  This  sort  of 
close-minded  response  cuts  off  consideration  of  new  ideas.  By  contrast,  an 
attitude  of  flexibility  is  marked  by  a willingness  to  consider  new  options, 
try  things  a new  way,  and  reconsider  old  problems.  Cognitive  flexibility  is 
the  ability  to  change  how  we  think  about  something — to  see  things  from 
another  person's  point  of  view,  consider  multiple  options,  think  of  several 
ways  to  respond,  and  seek  information  that  may  not  be  readily  available 
(Dennis  & Wal,  2010).  An  open-minded  person  is  willing  to  suspend  judg- 
ment, gather  more  information,  and  attempt  to  clarify  difficult  issues.  This 
does  not  mean  that  all  opinions  are  equally  good  or  that  judgment  should 
take  a back-seat  to  openness,  it  does  not  mean  accepting  every  nonsense 
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opinion  that  is  offered.  It  does  mean,  though,  that  a critical  thinker  is  will- 
ing to  think  in  new  ways,  review  evidence,  and  stick  with  a task  until  all 
reasonable  options  have  been  considered. 

Persistence 

You  may  be  disappointed  if  you  fail,  but  you  are  doomed  if  you  don't 
try. 

— Beverly  Sills  (quoted  in  James  Rogan,  Bits  & Pieces,  1993,  p.  7) 

There  are  many  factors  that  influence  academic  and  career  success,  but 
persistence  may  be  the  most  important  one  (Andersson  & Bergman,  2011). 
It  is  the  willingness  and  ability  to  keep  at  a task.  It  is  key  factor  in  success- 
ful problem  solving.  Closely  related  to  persistence  is  the  willingness  to  start 
or  engage  in  a thoughtful  task.  Some  people  look  at  a seemingly  difficult 
task  and  opt  not  to  even  begin  the  thinking  process.  They  are  defeated 
at  the  start.  Good  thinking  is  hard  work  that  requires  diligent  persistence. 
It  can  make  you  as  tired  as  any  physical  labor,  but  can  be  much  more  re- 
warding. In  a comparison  of  students  who  were  unsuccessful  in  mathemat- 
ics with  those  who  were  successful,  researchers  found  that  much  of  the 
difference  in  success  rates  was  directly  attributable  to  differences  in  atti- 
tudes. The  unsuccessful  students  believed  that  if  a problem  could  not  be 
solved  in  less  than  10  minutes,  then  they  would  not  be  able  to  solve  it.  By 
contrast,  the  successful  students  persisted  in  working  on  difficult  problems 
(Schoenfeld,  1985). 

Willingness  to  Self-Correct,  Admit  Errors,  and  Change  Your  Mind 
when  the  Evidence  Changes 

In  science  it  often  happens  that  scientists  say,  "You  know  that's  a really 
good  argument;  my  position  is  mistaken,"  and  then  they  would  actu- 
ally change  their  minds  and  you  never  hear  that  old  view  from  them 
again.  They  really  do  it.  It  doesn't  happen  as  often  as  it  should,  because 
scientists  are  human  and  change  is  sometimes  painful. 

— Carl  Sagan 

We  all  make  mistakes.  In  fact,  creative  thoughts  and  actions  would  not  be 
possible  if  we  were  unwilling  to  make  mistakes,  at  least  some  of  the  time. 
Instead  of  becoming  defensive  about  errors,  good  thinkers  can  acknowl- 
edge them  and  learn  from  them.  Unfortunately,  there  is  wide  spread  ten- 
dency to  justify  our  mistakes — our  faulty  beliefs,  our  bad  decisions.  In  a 
delightful  book,  Tavris  and  Aronson  (2007)  review  multiple  political  and 
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private  mistakes.  A main  deterrent  to  admitting  mistakes  is  self- 
justification. Self-justification  is  extremely  strong  because  it  keeps  our 
image  of  ourselves  intact.  For  example,  is  it  important  to  think  of  yourself 
as  an  informed  and  intelligent  citizen?  For  many  of  us,  this  is  an  important 
component  of  our  self-image.  Suppose  that  you  believed  that  there  really 
were  "weapons  of  mass  destruction  in  Iraq"  at  the  time  when  the  President 
of  the  United  States  was  urging  its  allies  to  protect  themselves  and  the  fu- 
ture of  their  countries  by  invading  Iraq.  Later,  the  overwhelming  evidence 
shows  that  there  were  no  weapons  of  mass  destruction.  What  now?  Many 
people  chose  to  ignore  the  evidence  and  maintain  their  original  belief.  It  is 
not  hard  to  see  why.  By  maintaining,  even  strengthening  the  original  be- 
lief, believers  can  continue  to  see  themselves  and  to  convince  others  that 
they  were  not  wrong  about  something  so  important.  Self-justification, 
which  is  making  excuses  for  a belief  or  behavior,  is  a very  strong  human 
tendency  and  can  be  found  everywhere — it  is  not  just  for  politicians.  Tavris 
and  Aronson  present  many  examples — husbands  and  wives  each  justifying 
a belief  or  action  even  when  there  is  good  evidence  that  the  belief  or  action 
was  wrong,  defendants  on  trial  for  a variety  of  crimes,  supervisors  and  the 
people  they  supervise,  and  so  on.  The  disposition  to  be  self-critical  (evalua- 
tive) and  consider  when  a mistake  is  a learnable  moment  and  not  a time 
for  the  auto-pilot  of  self-justification  is  a hallmark  of  critical  thinkers. 

It  is  interesting  to  note  that  the  general  public  usually  does  not  like  it  when 
a public  figure  changes  his  or  her  mind,  especially  when  the  change  is  away 
from  a conclusion  that  was  popular.  However,  if  a person  is  open  to  a fair 
evaluation  of  new  information,  sometimes  that  information  will  lead  to  a 
different  conclusion.  It  would  be  foolish  to  hold  to  an  old  conclusion  or 
belief  when  it  is  no  longer  warranted.  The  ability  to  change  one's  conclu- 
sion when  new  or  better  information  becomes  known  is  not  "waffling"  or 
some  other  negative  term  that  is  used  to  describe  someone  whose  views 
change  as  readily  as  the  shifting  direction  of  the  wind.  What  is  needed  is  a 
new  term  that  has  positive  connotations  to  be  used  for  critical  thinkers 
who  are  willing  to  change  conclusions  when  sound  evidence  warrants  a 
change.  Unfortunately,  this  is  one  attitude  of  critical  thinking  that  is  still 
all  too  rare. 

Politics  is  filled  with  instances  where  one  side  took  advantage  of  a change  in 
the  position  of  an  opposing  candidate.  In  a news  article  that  lists  numerous 
people  throughout  history  who  have  changed  their  positive  on  core  issues, 
including  various  candidates  for  the  presidency  of  the  United  States  (both 
Democrats  and  Republicans),  the  author  (Schulman,  2007,  para.  8)  asks. 
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But  are  all  flip-flops  really  so  objectionable?  Isn't  it  equally  fair  to  ar- 
gue that  a willingness  to  shift,  often  abruptly  and  fundamentally,  in  re- 
sponse to  changing  circumstances  is  a venerable  tradition  in  American 
governance?  indeed,  the  willingness  to  compromise  is  a crucial  ingredi- 
ent of  serious  leadership.  The  nation's  most  respected  presidents,  from 
the  founding  generation  to  modern  times,  have  proudly  and,  in  some 
cases,  defiantly  flip-flopped  on  important  issues. 

Being  Mindful 

in  order  to  develop  basic  thinking  skills,  it  is  necessary  to  direct  your  atten- 
tion to  the  processes  and  products  of  your  own  thoughts,  hanger  (2000) 
defines  mindfulness  as  "the  simple  act  of  drawing  novel  distinctions" 
(p.  220).  it  is  the  opposite  of  the  "automatic  pilot"  that  we  use  for  routine 
tasks  like  setting  the  dinner  table,  getting  to  school  or  work  every  day,  or 
watching  television  in  the  evening.  According  to  hanger,  learning  requires 
a mindful  engagement  with  the  task  and  materials.  She  told  a humorous 
personal  story  about  a case  of  mindlessness  that  makes  this  point  well 
(hanger,  1989).  When  shopping  one  day,  the  clerk  told  her  that  she  had  not 
signed  the  back  of  the  credit  card  she  was  using,  hanger  signed  the  card, 
and  then  handed  it  back  to  the  clerk.  The  clerk  then  processed  the  sale  and 
had  hanger  sign  the  credit  slip.  Then,  dutifully,  as  she  had  no  doubt  been 
instructed,  the  clerk  checked  the  signature  on  the  back  of  the  newly  signed 
credit  card  with  the  signature  on  the  credit  slip.  She  never  realized  that  she 
had  just  seen  hanger  sign  both!  As  long  as  we  respond  in  a mindless  or 
routinized  way,  problems  worth  solving  will  never  be  recognized,  and  cre- 
ative solutions  will  be  missed. 

Consensus-Seeking 

Committee  and  group  organizational  structures  are  most  often  the  norm  in 
the  world  of  work.  Critical  thinkers  need  to  be  predisposed  to  seek  ways  in 
which  consensus  among  group  members  can  be  achieved.  They  maintain 
an  awareness  of  the  social  realities  that  need  to  be  overcome  so  that 
thoughts  can  become  actions.  Consensus-seekers  need  high-level  commu- 
nication skills,  but  they  also  need  to  find  ways  to  compromise  and  to 
achieve  agreement.  Without  this  disposition  and  related  interpersonal 
skills,  even  the  most  brilliant  thinkers  will  find  that  they  cannot  convert 
thoughts  to  actions. 

Consensus-seeking  does  NOT  mean  caving  in  to  majority  opinion,  and  it 
does  not  mean  forcing  others  to  agree  with  you.  it  is  a disposition  that 
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allows  individuals  to  accept  what  is  good  or  true  about  an  alternative  posi- 
tion as  a way  of  gaining  support  for  one's  own  position,  in  the  chapter 
on  decision  making,  i talk  about  "group  think,"  which  is  the  pressure  for 
conformity  in  group  decision  making.  Consensus-seeking  is  a different 
concept — it  refers  to  an  openness  in  thinking  that  allows  members  of  a 
group  to  agree  on  some  aspects  of  a solution  and  disagree  on  others — but 
the  goal  is  to  allow  other  people  and  yourself  to  express  doubts  while  work- 
ing toward  a solution  that  can  be  achieved. 

Transfer  of  Training 

in  becoming  a better  thinker,  it  is  important  to  have  a large  repertoire  of 
critical  thinking  skills  and  to  be  willing  to  engage  in  the  effortful  process 
of  using  them.  The  third  component  of  this  model  involves  recognizing 
when  critical  thinking  is  needed  so  that  you  can  select  the  most  appropri- 
ate skills  for  the  situation.  This  is  the  Achilles'  heel  of  transfer.  The  problem 
in  learning  thinking  skills  that  are  needed  in  multiple  contexts  is  that  there 
are  no  obvious  cues  in  the  context  to  trigger  the  recall  of  the  thinking  skill. 
Critical  thinkers  need  to  create  the  recall  cues  from  the  structural  aspects 
of  the  problem  or  argument  so  that  when  the  structural  aspects  are  present, 
they  can  serve  as  cues  for  retrieval. 

When  critical  thinking  skills  are  learned  so  that  they  transfer  appropriately 
and  spontaneously,  critical  thinkers  can  focus  on  the  structure  so  the  un- 
derlying characteristics  become  salient  instead  of  the  domain  specific  sur- 
face characteristics.  An  example  should  help  here  because  the  idea  of 
transferring  skills  to  novel  areas  is  highly  abstract. 

Suppose  that  you  understand  the  way  contrast  effects  can  influence  one's 
judgment.  For  example,  if  you  are  offered  several  part-time  jobs  that  pay 
$10  an  hour,  $13.50  an  hour  will  seem  like  more  money  than  if  you  had 
been  offered  several  part-time  jobs  that  pay  $14  an  hour.  Even  if  you  know 
that  contrast  effects  can  influence  judgments,  will  you  be  able  to  recognize 
the  power  of  contrast  effects  on  your  judgment  in  a totally  different  situa- 
tion, such  as  when  your  friend  begins  a story  about  his  "brush  with  the  law" 
by  telling  you  about  all  of  the  people  from  your  old  high  school  class  who 
are  now  in  jail?  His  "brush  with  the  law"  will  seem  much  less  serious  when 
it  is  told  after  stories  about  people  you  know  who  committed  serious  crimes 
than  it  would  if  he  had  told  it  after  stories  about  people  who  have  not  com- 
mitted any  crimes.  In  this  example,  your  hypothetical  friend  is  making  his 
own  crime  seem  less  bad  by  contrasting  it  with  more  serious  ones.  How  can 
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you  recognize  that  the  same  principle  of  contrast  is  affecting  your  judgment 
in  both  situations  (judgments  about  pay  per  hour  and  seriousness  of  a 
crime)?  If  you  can  recognize  that  the  same  principle  is  at  work,  you  could 
use  the  same  critical  thinking  skills  to  prevent  the  effect  of  contrast  from 
influencing  how  you  think.  In  other  words,  how  can  you  learn  to  apply 
your  knowledge  about  contrast  effects  in  different  sorts  of  situations? 

There  is  an  old  saying  in  psychology  that  "the  head  remembers  what  it 
does."  It  is  important  to  direct  your  own  learning  so  that  the  skills  of  criti- 
cal thinking  are  learned  in  a way  that  will  facilitate  their  recall  in  novel 
situations.  It  is  what  learners  do  that  determines  what  gets  learned.  Here 
are  some  examples  of  thinking  tasks  that  are  designed  to  help  with  the 
transfer  of  critical  thinking  skills.  They  require  readers  to  perform  certain 
tasks  or  answer  carefully  crafted  questions  that  draw  attention  to  structural 
aspects  of  the  problem  or  argument: 

• Draw  a diagram  or  other  graphic  display  that  organizes  the 
information. 

• List  additional  information  you  would  want  before  answering  a 
question. 

• Explain  why  a particular  multiple-choice  alternative  was  selected. 
Which  is  second  best?  Why? 

• State  the  problem  in  at  least  two  ways. 

• Identify  which  information  is  most  important.  Which  information 
is  least  important?  Why? 

• Categorize  the  findings  in  a meaningful  way. 

• List  two  solutions  for  problems. 

• Identify  what  is  wrong  with  an  assertion  that  was  made  in  the 
question. 

• Present  two  reasons  that  support  the  conclusion  and  two  reasons 
that  do  not  support  the  conclusion. 

• Identify  the  type  of  persuasive  technique  being  used. 

• Present  two  actions  you  would  take  to  improve  the  design  of  a 
study  that  was  described. 

Tasks  like  these  require  learners  to  focus  on  structural  aspects  of  the  prob- 
lems so  that  the  learner  can  identify  and  use  an  appropriate  critical  think- 
ing skill. 
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Metacognitive  Monitoring 

Metacognition  refers  to  our  knowledge  of  what  we  know  (or  what  we 
know  about  what  we  know)  and  the  use  of  this  knowledge  to  direct  further 
learning  activities.  When  engaging  in  critical  thinking,  you  will  need  to 
monitor  your  thinking  process,  check  whether  progress  is  being  made  to- 
ward an  appropriate  goal,  ensure  accuracy,  and  make  decisions  about  the 
use  of  time  and  mental  effort.  Metacognition  is  the  executive  or  "boss" 
function  that  guides  how  adults  use  different  learning  strategies  and  make 
decisions  about  the  allocation  of  limited  cognitive  resources.  Numerous 
studies  have  found  that  good  learners  and  thinkers  engage  in  more  meta- 
cognitive activities  than  poor  learners  and  thinkers,  and  that  the  skills  and 
attitudes  of  metacognitive  activities  can  be  taught  and  learned  so  that  stu- 
dents can  direct  their  own  learning  strategies  and  make  judgments  about 
how  much  effort  to  allocate  to  a cognitive  task. 

For  example,  when  learners  are  required  to  provide  reasons  and  evidence 
to  support  a conclusion  and  counter-reasons  and  conflicting  evidence  that 
refute  the  conclusion,  they  must  focus  on  the  quality  of  their  thinking. 
They  also  have  to  consider  both  positive  and  negative  evidence.  It  is  well 
documented  that  we  tend  to  weigh  evidence  much  more  heavily  when  it 
favors  a belief  that  we  hold  over  evidence  that  disconfirms  a personal  belief 
(Lilienfeld,  Ammirati,  & handheld,  2009). 

A schematic  diagram  of  the  critical  thinking  process,  including  individual 
differences  and  situation  variables  is  shown  in  Figure  1.1. 


Intelligence  and  Thinking  Skills 


If  we  want  to  improve  America's  schools,  we  will  have  to  apply  in  the 
classroom  what  we  know  about  humans  as  intelligent,  learning,  think- 
ing cultures. 

— Bruer  (1993,  p.  1) 

One  of  the  most  frequently  asked  questions  concerning  thinking  skills 
instruction  is  whether  learning  to  be  a critical  thinker  can  make  someone 
more  intelligent.  As  noted  earlier,  several  reviews  of  the  literature  and 
individual  studies  (e.g.,  Moseley  et  ah,  2005)  conclude  that  instruction  in 
critical  thinking  really  can  help  people  think  better  and  that  improved 
thinking  will  transfer  to  novel  contexts.  Can  critical  thinking  improve 


Figure  1.1  A schematic  model  of  the  critical  thinking  process.  Notice  how  dispositions, 
individual  background  variables,  and  situational  variables  all  influence  the  way  a situation 
is  interpreted  and  the  decision  as  to  whether  or  not  it  requires  the  effortful  process  of 
critical  thinking.  If  critical  thinking  is  needed,  then  individuals  select  the  critical  thinking 
skills  that  are  most  likely  to  be  appropriate  for  the  situation.  Five  categories  of  skills  are 
shown  in  this  diagram.  Good  critical  thinkers  have  a large  repertoire  of  critical  thinking 
skills  to  choose  from  and  are  skilled  at  making  selections  that  are  appropriate  for  the  situ- 
ation. (Critical  thinking  skills  and  the  selection  of  the  appropriate  skill  are  learned.) 
Metacognitive  monitoring  is  repeatedly  cycled  as  individuals  determine  if  the  skills  they 
are  using  are  increasing  the  likelihood  of  a desirable  outcome  or  if  other  skills  are  needed. 
When  a "good  enough"  outcome  is  achieved,  the  process  is  stopped. 
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intelligence?  The  answer  to  this  important  question  depends  upon  how 
intelligence  is  defined. 


Before  you  read  further,  stop  for  a minute  to  think  about  your  own 
definition  of  intelligence.  If  a program  of  instruction  can  help  learners 
think  better,  have  they  become  more  intelligent? 


The  Nature  of  Intelligence 

IQ  tests  measure  only  a small  set  of  the  thinking  abilities  that  people 
need. 

— Keith  E.  Stanovich  (2009,  p.  3) 

Intelligence  is  one  of  the  most  controversial  topics  in  psychology.  It  is  a 
basic  topic  in  thinking  because  intelligence  is  the  “stuff"  of  which  thought 
is  made.  It  is  difficult  to  imagine  a context  in  which  intelligence  is  not 
manifested  or  needed.  The  term  intelligence  is  used  commonly  in  everyday 
language.  Most  people  believe  that  they  are  at  least  about  average  or  above 
average  in  intelligence  (Brim,  1966).  (Despite  Garrison  Keillor's  assurances 
to  the  contrary,  you  should  realize  that  this  is  mathematically  absurd  be- 
cause most  people  cannot  be  above  average.) 

Psychologists  continue  to  debate  exactly  what  the  term  “intelligence" 
should  mean.  Here  is  a good  working  definition  that  was  offered  by  Gott- 
fredson  (1997b): 

[Intelligence]  . . . involves  the  ability  to  reason,  plan,  solve  problems, 
think  abstractly,  comprehend  complex  ideas,  learn  quickly  and  learn 
from  experience.  It  is  not  merely  book  learning,  a narrow  academic 
skill,  or  test-taking  smarts.  Rather  it  reflects  a broader  and  deeper  ca- 
pability for  comprehending  our  surroundings — 'catching  on',  'making 
sense'  of  things,  or  'figuring  out'  what  to  do.  (p.  13) 

Intelligence  is  measured  with  tests  that  have  been  standardized  on  large 
groups  of  people.  Most  people  are  familiar  with  the  concept  of  IQ,  which 
stands  for  “intelligence  quotient"  (because  it  was  originally  formulated  for 
children  by  dividing  their  mental  age  by  their  physical  age).  1 agree  with 
critics  who  claim  that  no  single  score  can  reflect  the  complexity  of  human 
intelligence,  no  measure  is  free  from  cultural  bias,  and  there  is  a potential 
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to  misuse  these  scores,  but  it  is  also  true  that  IQ  scores  can  do  a reasonable 
job  at  predicting  grades  in  school,  success  at  work,  and  other  variables  re- 
lated to  success  in  life  (Nisbett  et  al.,  2012).  As  many  writers  have  noted, 
IQ  tests  measure  only  a subset  of  the  thinking  skills  that  people  need  to  be 
successful  in  life.  In  his  book  on  what  intelligence  tests  miss,  Stanovich 
(2009,  p.  3)  wrote  "IQ  tests  are  good  measures  of  how  well  a person  can 
hold  beliefs  in  short-term  memory  and  manipulate  those  beliefs,  but  they 
do  not  assess  at  all  whether  a person  has  the  tendency  to  form  beliefs  ra- 
tionally when  presented  with  evidence."  What  we  really  want  for  our  poli- 
ticians, lawyers,  doctors,  and  everyone  else  is  to  gauge  their  ability  to  think 
critically,  which  is  largely  absent  from  intelligence  tests. 

In  other  words,  what  should  we  mean  when  we  refer  to  intelligence?  This 
question  leads  to  another  and  even  more  important  question:  Who  is  the 
appropriate  authority  to  decide  what  it  means  to  be  intelligent?  (The  im- 
portance of  thinking  about  definitions  is  a critical  thinking  skill  that  is 
presented  in  more  detail  in  "Chapter  3:  The  Relationship  between  Thought 
and  Language.")  When  Sternberg  (1982)  asked  people  to  list  the  characteris- 
tics of  an  intelligent  person,  the  following  answers  were  frequently  given: 
"reasons  logically  and  well,"  "reads  widely,"  "keeps  an  open  mind,"  and 
"reads  with  high  comprehension."  Most  people  share  these  intuitive  every- 
day notions  of  intelligence,  which  are  consistent  with  the  definition  of 
critical  thinking.  Thus,  for  most  people,  intelligent  thinking  is  very  similar 
to  the  idea  of  critical  thinking. 

If  people  can  learn  to  think  better,  and  there  are  many  types  of  evidence 
that  show  that  they  can,  then  by  everyday  definitions,  they  can  learn  to  be 
intelligent.  The  idea  that  intelligence  can  be  taught  is  not  new.  The  notion 
of  intelligence  as  learning  and  thinking  was  articulated  early  in  the  last 
century  by  the  famous  Russian  psychologist.  Lev  Vygotsky  (1978).  He  of- 
fered an  alternative  to  the  static  view  of  human  learning  and  intelligence 
as  a "fixed  quantity"  that  could  be  observed  and  assessed  in  laboratory  set- 
tings. According  to  Vygotsky,  intelligence  is  best  indexed  by  the  way  in 
which  people  learn,  especially  when  they  receive  feedback  about  their 
learning,  rather  than  in  the  level  of  learning  they  have  achieved  at  some 
point  in  time.  This  emphasis  is  not  surprising  in  light  of  Vygotsky's  work 
with  disadvantaged  populations  in  the  aftermath  of  the  Russian  Revolu- 
tionary war,  where  many  children  never  had  the  opportunity  to  develop 
their  intelligence  because  of  the  severe  privations  of  war.  These  same  chil- 
dren often  learned  new  skills  and  knowledge  very  quickly  when  they  were 
given  the  opportunity  to  learn,  demonstrating  a level  of  intelligence  that 
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could  not  have  been  predicted  by  any  standardized  measure  that  might 
have  been  used  to  test  them.  Thus,  it  was  their  ability  to  learn  from  their 
experiences  that  Vygotsky  used  to  define  and  measure  intelligence,  not  a 
score  on  a test  or  similar  other  measure. 


The  Measurement  of  Intelligence 

Rational  thinking  can  be  surprisingly  dissociated  from  intelligence. 

— Keith  Stanovich  (2009,  p.  39) 

As  you  can  imagine,  the  measurement  of  intelligence  has  proven  to  be  a 
difficult  task.  The  underlying  idea  is  that  intelligence  exists,  and  since  it 
exists,  it  exists  in  some  quantity  (in  each  individual),  and  since  it  exists  in 
some  quantity,  it  can  be  measured.  The  only  difficulty  with  this  line  of 
reasoning  is:  "How?" 

There  is  an  obvious  need  to  be  able  to  quantify  or  measure  intelligence. 
Historically,  intelligence  tests  were  designed  for  a very  practical  reason,  in 
the  early  part  of  the  20th  century,  the  French  government  realized  the  need 
to  know  which  children  should  receive  regular  classroom  instruction  and 
which  should  receive  remedial  or  accelerated  instruction.  Binet  and  Simon 
were  given  the  job  of  designing  a test  that  could  be  used  to  place  children 
in  the  appropriate  educational  setting.  Modern  day  intelligence  tests  are 
still  used  for  this  purpose.  The  test  designed  in  France  by  Binet  and  Simon 
has  been  revised  many  times.  One  popular  revision  was  undertaken  by 
Lewis  Terman,  a psychologist  at  Stanford  University.  Terman's  revision  of 
the  earlier  intelligence  test  is  commonly  referred  to  as  the  Stanford-Binet. 
Another  popular  battery  of  intelligence  tests  was  written  by  David  Wechsler. 
He  authored  two  separate  tests,  the  Wechsler  intelligence  Scale  for  Chil- 
dren (WiSC)  and  Wechsler  Adult  Intelligence  Scale  (WAIS)  designed  for 
adults  over  15  years  of  age.  The  newest  version  of  the  WAIS  is  designated 
as  "WAIS-IV."  it  yields  four  subscores  of  intelligence  and  an  overall  IQ 
score.  The  four  subscores,  which  are  usually  called  scales,  include  (a)  a Ver- 
bal Comprehension  Score  comprised  of  scores  on  verbal  subtests  (e.g.,  simi- 
larities, vocabulary,  information,  and  comprehension;  (b)  a Working 
Memory  Score  (remembering  digits,  arithmetic,  and  letter-number  se- 
quences); (c)  a Perceptual  Reasoning  Score  (making  block  designs,  matrix 
reasoning,  visual  puzzles,  picture  completion,  and  figure  weights);  and 
(d)  a Processing  Speed  Score  (symbols  search,  coding,  and  cancellation) 
(Pearson  Assessment,  2008). 


'Which  3 of  these  pieces  go  together  to  make  this  puzzle?' 
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"Which  one  of  these  goes  here  to  balance  the  scale?" 
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"When  I say  go,  draw  a line  through  each  medium  blue  square  and  light 
blue  triangle." 
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Figure  1.2  Wechsler  Adult  Intelligence  Scale,  Fourth  Edition  (WAIS-IV).  Copyright  © 
2008  NCS  Pearson,  Inc.  Reproduced  with  permission.  All  rights  reserved.  "Wechsler 
Adult  Intelligence  Scale"  and  "WAIS"  are  trademarks,  in  the  United  States  and/or  other 
countries,  of  Pearson  Education,  Inc.  or  its  affiliates(s). 
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Sample  items  from  three  of  the  subtests  that  are  new  to  the  latest  edition 
of  the  WAIS  are  shown  in  Figure  1.2. 

As  you  can  see  from  these  items,  intelligence  is  measured  with  a variety  of 
questions,  if  you  are  hiring  someone  for  a complex  job  or  selecting  stu- 
dents for  admissions  to  a high-level  educational  program,  you  will  want 
people  who  are  intelligent.  But,  as  measured  with  traditional  tests,  intelli- 
gence will  be  indexed  as  the  ability  to  remember  long  lists  of  numbers, 
define  words,  and  put  puzzles  together.  These  are  important  measures,  but 
for  many  people,  the  ability  to  think  about  complex  issues  means  that 
using  the  skills  of  critical  thinking  (for  example,  making  strong  conclu- 
sions from  evidence,  avoiding  or  minimizing  common  biases,  and  not 
being  misled  by  commonly  misused  techniques  for  persuasion)  is  a better 
way  to  define  intelligence.  Critical  thinking  ability  is  not  assessed  with 
standard  measures  of  intelligence,  it  is  possible  to  obtain  a high  score  on 
an  intelligence  test  and  then  turn  to  astrology  or  palm  reading  when  mak- 
ing decisions.  Neither  of  these  "ways  of  knowing"  (astrology  or  palm  read- 
ing) has  any  scientific  basis  or  are  better  in  selecting  a good  outcome  than 
the  proverbial  "dart- throwing  monkey"  (a  favorite  phrase  used  by  Kahne- 
man,  a Nobel  Prize  winner,  when  he  wants  to  make  the  point  that  a ran- 
dom process  is  as  good  as  the  one  being  considered). 

The  notion  of  intelligence  that  is  embedded  in  standardized  tests  is  that 
intelligence  is  a fixed  quantity,  although  recent  research  clearly  shows  the 
critical  importance  of  environmental  influences  on  intelligence.  Because 
this  text  is  concerned  with  thinking  and  helping  you  to  learn  how  to  im- 
prove your  thinking,  it  seems  reasonable  to  return  to  the  question  posed  at 
the  beginning  of  this  section:  "Will  learning  to  be  a critical  thinker  make 
you  more  intelligent?"  For  those  psychologists  who  view  intelligence  as  a 
fixed  quantity  that  can  be  measured  with  test  items  that  depend,  in  part, 
on  the  opportunities  that  are  afforded  to  individuals  (e.g.,  the  rich  have 
more  and  better  educational  opportunities  than  the  poor,  so  on  average 
they  would  be  expected  to  score  higher  on  intelligence  tests),  then  their 
answer  will  be  "no."  Ffowever,  along  with  an  increasing  number  of  psy- 
chologists, i believe  that  the  static  notion  of  intelligence  is  wrong  and 
damaging,  if  any  individual  can  learn  to  be  a better  thinker  and  subse- 
quently can  use  newly  acquired  thinking  skills  across  a wide  variety  of 
contexts,  then  1 believe  that,  by  definition,  that  person  has  learned  to  be 
more  intelligent.  There  will  always  be  some  people  who  are  more  intelli- 
gent than  others.  There  are  individual  differences  and  limits  on  how  well 
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each  of  us  can  think  and  reason,  and  certainly  intelligence  is  also  deter- 
mined, in  part,  by  genetics.  However,  we  all  have  some  amount  of  unde- 
veloped potential;  everyone  can  make  substantial  gains  in  his  or  her 
intellectual  abilities.  Even  though  we  cannot  all  be  geniuses,  we  can  all 
learn  to  think  more  intelligently. 

Many  contemporary  psychologists  agree  that  intelligence  is  comprised  of 
skills  that  can  be  enhanced  with  training.  Stanovich  (2009)  has  argued  that 
intelligence  tests  do  not  test  for  rational  thinking.  For  example,  physicians 
who  score  high  on  standard  intelligence  tests  may  use  shallow  processing 
and  choose  less  effective  medical  treatments,  "smart"  people  may  fail  to 
assess  risks,  and  parents  may  be  misled  by  unsubstantiated  claims  that  vac- 
cines cause  autism.  He  advocates  for  a test  of  critical  thinking  skills  when 
assessing  and  conceptualizing  what  it  means  to  be  intelligent.  (He  uses  the 
term  "rational  thought.")  Thus,  although  there  is  a positive  relationship 
between  critical  thinking  and  intelligence  test  scores,  the  relationship  is 
not  strong.  So,  will  becoming  a critical  thinker  make  you  smarter?  No,  if 
intelligence  is  measured  with  standardized  IQ  test,  but  yes,  if  we  want  to 
know  how  well  someone  thinks  in  everyday  situations. 

Becoming  a Better  Thinker:  The  Quick  and  Easy  Way 


A sucker  is  born  every  minute. 

— P.T.  Barnum  (cited  in  Bartlett,  1980,  p.  460) 

As  1 raced  through  the  supermarket  after  work  one  day,  1 was  surprised  to 
see  a candy  bar  called  "Think!"  Just  what  1 needed,  a candy  bar  with  "mind 
enhancing  ingredients."  And  to  think  (oops,  pardon  the  pun)  that  1 was 
working  hard  to  learn  better  thinking  skills  when  all  1 had  to  do  was  eat  a 
candy  bar.  This  "food  for  thought"  can  be  found  on  a web  page  that  claims 
to  advertise  "natural  products  and  more."  Apparently,  1 am  not  the  only 
one  to  wonder  about  "Think!"  candy  bars.  The  Center  for  Science  in  the 
Public  Interest,  a nonprofit  organization,  investigated  this  candy  bar  (Sci- 
ence in  the  Public  Interest,  2000).  They  contacted  the  candy  bar  company 
for  evidence  to  back  up  the  claim  that  the  ingredients  in  Think!  can  help 
you  "stay  sharp."  Here's  the  company's  response:  "'We're  not  claiming  that 
it  helps  you  think,'  insists  Garret  Jennings,  the  inventor  of  Think!,  the 
'Food  for  Thought'  bar.  . . . But,  if  somebody  feels  great  after  a Think!  Bar,' 
asks  Jennings,  'who  cares  if  that  is  just  a placebo  effect?'"  (p.  12). 
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I hope  that  your  response  to  the  question  posed  at  the  end  of  the  last  para- 
graph is,  "I  do."  A placebo  is  used  as  a control  or  comparison  whenever 
drugs  are  tested — it  is  the  condition  that  contains  no  active  drugs — ^you 
may  know  it  as  a "sugar  pill."  Sometimes  just  the  belief  that  we  are  taking 
a "drug"  that  will  improve  the  ability  to  think  can  lead  us  to  believe  that 
we  really  are  thinking  better,  even  when  we  are  not.  But  then,  I guess  this 
thinking-candy  is  targeted  at  consumers  who  are  not  good  thinkers  in  the 
first  place.  Of  course,  it  is  possible  that  there  are  some  ingredients  that 
could  enhance  the  ability  to  think.  The  question  for  thoughtful  consumers 
is  "What  is  the  evidence  that  this  product  does  what  the  manufacturer 
claims?"  According  to  Science  in  the  Public  Interest,  the  answer  is  "none." 

Unfortunately,  there  are  no  quick  and  easy  programs  that  will  make  you  a 
better  thinker,  despite  some  unscrupulous  claims  that  you  can  think  better 
instantly,  without  really  trying.  A trip  through  most  so-called  "health  food 
stores"  will  reveal  a wide  variety  of  products  and  pseudo-medicines  that 
claim  or  suggest  that  they  can  improve  your  memory,  enhance  your  think- 
ing, or  do  whatever  else  is  desirable  (e.g.,  make  you  thin,  sexy,  strong,  and 
smart);  there  is  usually  little  or  no  valid  evidence  that  any  of  these  products 
can  bring  about  their  promised  effects. 

Two  Types  of  Thinking — Fast  and  Slow 

Bush  told  me,  "1  am  a gut  player,  not  a textbook  player." 

— Bob  Woodward  (quoted  in  Love,  2010,  para.  19) 

Daniel  Kahneman,  the  cognitive  psychologist  famous  for  his  ground- 
breaking work  in  how  people  think  and  decide,  has  popularized  the  idea 
that  there  are  two  broad  types  of  thinking.  System  1 and  System  2.  System 
1 is  what  is  commonly  thought  of  as  intuition.  It  is  automatic,  effortless, 
and  when  it  is  good,  it  most  likely  associated  with  expertise.  The  quote 
about  the  way  George  Bush,  a former  president  of  the  United  States,  de- 
scribed his  thinking  as  from  the  "gut"  is  an  example  of  System  1 thinking. 
By  contrast.  System  2 thinking  is  slow,  effortful,  and  deliberate,  and  thus 
close  in  its  definition  to  critical  thinking,  when  it  is  done  well. 

System  1 Thinking 

Intuition  is  not  subliminal  perception;  it  is  subtle  perception  and 

learning — knowing  without  knowing  that  you  know. 

— Michael  Shermer  (2003,  para.  11) 
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To  understand  the  distinction  between  System  1 and  System  2 thinking,  try 
this  simple  exercise: 

1.  A bat  and  a ball  cost  $1.10 

i.  The  bat  costs  $1.00  more  than  the  ball. 

ii.  How  much  does  the  ball  cost?  (Kahneman,  2011,  p.  44) 

OK  raise  your  hand  if  you  said  $.10 — obvious  and  intuitive  answer.  If  you 
answered  $.10,  the  answer  came  to  you  in  flash.  It  is  as  though  you  did  not 
have  to  think  at  all.  Unfortunately,  you  also  came  up  with  the  wrong  an- 
swer if  you  said  $.10.  With  this  answer,  the  bat  is  $1  and  the  ball  is  $.10, 
which  makes  the  bat  $.90  more  than  the  ball.  Of  course,  you  could  use 
simple  algebra: 

Bat  -H  Ball  = $1.10 


and 


Bat  = Ball  -r  $1 .00 

Now  substitute  the  definition  of  Bat  (it  equals  Ball  + .10)  into  the  first  equa- 
tion and  you  get 

Ball  -H  $1.00  -H  Ball  = $1.10 

2 Ball  = $1.10— $1.00 

2 Ball  = $.10 

Ball  = $.05 

If  you  gave  the  incorrect,  but  intuitive  answer,  you  are  in  good  company. 
More  than  half  of  the  students  at  Harvard,  MIT,  and  Princeton  gave  this 
answer,  and  more  than  80%  of  the  students  at  less  selective  universities  did 
as  well  (Frederick,  2005).  The  Cognitive  Reflection  Test  is  a three-question 
test  that  assesses  the  extent  to  which  people  tend  to  give  intuitive  answers 
to  simple  problems.  One  of  the  three  questions  is  the  bat  and  ball  question. 
The  other  two  questions  are 

2.  If  it  takes  5 machines  5 minutes  to  make  5 widgets,  how  long  would 
it  take  100  machines  to  make  100  widgets? minutes 
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3.  In  a lake,  there  is  a patch  of  lily  pads.  Every  day,  the  patch  doubles 
in  size.  It  if  take  48  days  for  the  patch  to  cover  the  entire  lake,  how 
long  would  it  take  for  the  patch  to  cover  half  the  lake? days 

How  did  you  do?  Did  you  answer  100  minutes  for  the  second  question?  Buzz — 
as  you  probably  guessed  by  now,  that  is  the  wrong  answer.  The  correct  an- 
swer is  five  minutes.  The  third  problem  appeared  in  all  earlier  versions  of 
this  book  and  was  originally  attributed  to  Fixx  (1978,  p.  50).  The  only  way 
to  solve  this  problem  is  to  work  backwards.  Can  you  solve  it  with  this  hint? 
If  the  lake  is  covered  on  the  48th  day  and  the  area  covered  by  the  lilies 
doubles  every  day,  how  much  of  the  lake  is  covered  on  the  47th  day?  The 
answer  is  half.  Thus,  by  working  backwards,  the  problem  is  easy  to  solve. 

Respondents  who  gave  the  intuitive,  fast,  and  in  this  case,  wrong  responses, 
were  less  likely  to  delay  rewards  (for  example,  they  were  more  likely  to 
prefer  getting  $5  now  than  $7  next  week),  thus  suggesting  that  people  who 
rely  more  on  intuitive  and  quick  thinking  differ  in  other  important  ways. 

Intuition 

It's  no  secret  that  when  researchers  have  pitted  intuition  against  statisti- 
cal prediction,  the  formula  usually  wins.  Statistical  prediction  is  fallible. 
But  for  predicting  future  behavior,  human  intuition — even  professional 
intuition — is  even  more  fallible. 

— David  Myers  (2010,  p.  376) 

We  love  stories  about  human  intuition.  I remember  spending  an  evening 
with  a friend,  who  suddenly  said  that  she  was  thinking  about  a third  per- 
son whom  we  both  knew  well.  This  third  friend  was  "very  pregnant,"  a 
strange  description  for  someone  who  has  already  gone  past  the  projected 
due  date  that  was  given  to  her  by  her  obstetrician.  Wouldn't  it  be  weird  if 
this  overdue  friend  was  having  her  baby  just  when  we  thought  about  her? 
Well,  actually  no,  although  it  might  seem  that  way. 

The  intuitions  of  experts  differ  from  everyday  intuitions  in  important 
ways — most  importantly,  they  are  more  likely  to  be  useful  if  (1)  the  area  of 
expertise  is  one  that  is  governed  by  regularities  and  (2)  the  expert  had  re- 
peated experience  with  immediate  feedback  in  that  area.  It  seems  that 
these  two  criteria  can  explain  why  "professional  intuition  is  sometimes 
marvelous  and  sometimes  flawed"  (Kahneman  & Klein,  2009).  Consider 
chess  players.  Expert  chess  players  actually  organize  the  information  on  a 
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chess  board  into  meaningful  units  in  just  fractions  of  a second  (de  Groot, 
1946,  1965),  and  expert  Scrabble  players  can  recall  more  information  on 
Scrabble  boards,  with  those  players  with  the  longest  history  of  playing  out- 
performing experts  who  played  fewer  years  (Halpern  & Wai,  2007).  In  other 
words,  experts  developed  a quick  knowledge  in  these  domains  that  have 
regular  rules  that  can  be  learned  over  time.  Or,  consider  this  example 
(Klein,  Calderwood,  & Clinton-Cirocco,  1986).  An  experienced  firefighter 
led  several  firefighters  into  the  kitchen  in  a burning  building.  It  was  very 
quiet  in  the  burning  building,  but  something  was  not  right — he  did  not 
know  what  it  was,  but  he  ordered  everyone  out  of  the  building  immedi- 
ately. The  building  soon  blew  up.  This  experienced  firefighter  had  a "sixth 
sense"  about  the  danger.  But  another  way  of  understanding  his  intuition 
that  something  very  bad  was  about  to  happen  is  to  think  about  the  situa- 
tion as  recognition.  Perhaps  his  feet  were  too  warm — maybe  this  registered 
consciously  and  maybe  it  did  not,  but  the  fire  was  under  the  kitchen  floor 
and  the  pattern  of  sensations  on  his  body  differed  from  the  ones  he  felt 
when  the  fire  was  in  an  adjacent  room.  It  is  much  like  the  superior  recog- 
nizing abilities  of  the  expert  chess  or  Scrabble  player.  This  intuition  was  the 
result  of  many  years  of  practice  with  feedback  (knowledge  of  results)  re- 
garding fires.  It  is  not  a magical  gift  that  is  possessed  by  a few  lucky  indi- 
viduals. Years  of  practice  can  pay  off  with  superior  abilities  to  recognize 
situations,  but  only  if  the  expert  has  received  immediate  feedback  about 
earlier  decisions  and  has  been  able  to  use  that  feedback  in  ways  that 
make  him  a "true"  expert  in  a field  where  there  are  regularities  such  as 
firefighting. 

By  contrast,  the  intuitions  of  experts  where  the  domain  is  highly  irregular 
or  they  do  not  get  immediate  feedback  for  their  decisions  are  not  any  better 
than  those  of  a novice.  Kahneman  reviews  evidence  showing  that  the  pro- 
fessionals who  select  stocks  for  investment  are  no  better  at  this  task  than 
novices  because  the  field  is  so  irregular  they  cannot  learn  what  makes  some 
stocks  increase  in  value  and  others  decrease.  Interestingly,  regardless  of  the 
quality  of  the  intuitions,  many  people  are  highly  confident  in  their  ability 
to  make  rapid  decisions  that  are  correct.  Kahneman  tells  about  an  early  job 
that  he  had  in  the  Israeli  army  selecting  recruits  who  would  undergo  lead- 
ership training.  Kahneman  devised  a task  in  which  groups  of  eight  men 
had  to  work  together  to  lift  an  enormous  pole  over  a high  wall.  He  ob- 
served who  took  charge,  who  gave  up,  and  who  devised  a plan  that  worked 
and  persuaded  others  to  carry  it  out.  Confidently,  he  selected  those  who 
were  most  likely  to  become  leaders  and  recommended  them  for  additional 
training.  One  big  problem — this  test,  which  seemed  to  be  so  good  to  him 
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(and  sounds  good  to  me),  really  did  not  work;  there  was  no  relationship 
between  how  the  recruits  performed  on  this  task  and  their  later  abilities  as 
leaders,  yet  Kahneman  was  highly  confident  in  his  expertise  in  this  area. 
What  was  missing?  He  did  not  get  immediate  feedback  on  how  well  the 
selected  future  leaders  performed  in  real  leadership  tasks,  so  he  never  de- 
veloped the  skill  in  knowing  when  and  why  a particular  selection  was  right 
or  wrong. 

intuitions  are  like  visual  illusions  in  some  ways.  They  can  sometimes  help 
us  understand  the  world,  but  they  are  often  distorting  and  very  difficult  to 
ignore. 

The  two  tables  tops  in  Figure  1.3  appear  to  be  very  different  in  their  size 
and  shape,  but  if  you  cut  out  a piece  of  paper  to  fit  over  one  table  top,  you 
would  find  that  it  also  fit  perfectly  over  the  other  table  top.  This  is  a com- 
mon visual  illusion.  Thinking  illusions,  such  as  the  belief  that  our  intu- 
itions are  most  often  correct,  are  similar  to  visual  illusions.  With  effort,  we 
can  learn  that  our  intuitions  are  often  wrong  and  we  can  use  that  knowl- 
edge to  be  wary  of  our  own  intuitions  and  those  of  others.  Additionally,  we 
can  learn  when  intuitions  are  more  likely  to  be  correct — when  they  are 
done  by  an  expert  who  has  had  repeated  experience  with  feedback  in  her 
field  of  expertise. 

in  deciding  when  to  trust  the  intuitions  (or  fast  thinking)  of  an  expert,  ask 
these  three  questions:  How  much  experience  does  the  expert  have  that  is 
directly  relevant  to  the  task?  is  it  a task  where  there  are  regular  outcomes 


Figure  1.3  "Illustration  of  two  tables,"  from  the  book  Mind  Sights:  Original  Visual 
Illusions,  Ambiguities,  and  Other  Anomalies  by  Roger  N.  Shepard.  Copyright  © 1990  by 
Roger  N.  Shepard.  Reprinted  by  permission  of  Henry  Holt  and  Company,  LLC. 
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can  be  learned  from  experience?  Is  the  "expert"  in  a field  where  there  is 
immediate  feedback  about  the  quality  of  the  decisions  that  were  made? 

System  2 Thinking 

Both  self-control  and  cognitive  effort  are  forms  of  mental  work. 

— Daniel  Kahneman  (2011,  p.  41) 

Critical  thinking  is  System  2 thinking.  It  is  slow,  deliberate,  and  effortful. 
It  is  also  the  engine  that  drives  System  1 thinking,  because  the  fast  recogni- 
tion processes  of  System  1 were  originally  learned  in  a deliberate  and  effort- 
ful way.  If  System  1 can  be  thought  of  as  intuition,  then  System  2 can  be 
thought  of  as  critical  thinking.  It  involves  weighing  evidence,  evaluating 
risk,  calculating  probabilities,  judging  credibility,  and  similar  activities  that 
are  the  hallmark  of  good  thinking.  Thinking  can  be  rational  and  people 
can  learn  to  engage  in  rational  thinking.  We  can  learn  from  our  mistakes, 
and  by  keeping  track  of  them,  make  them  less  likely  to  occur  in  the 
future. 

If  you  are  familiar  with  Malcolm  Gladwell,  the  popular  writer  for  The  New 
Yorker  magazine  and  author  of  many  books,  you  probably  know  about  his 
notion  of  "Blink."  According  to  Gladwell,  it  is  sort  of  intuitive  thinking 
that  happens  rapidly — in  the  time  it  takes  to  blink.  In  his  book  by  this 
name,  he  tells  many  stories  about  the  way  professionals  arrived  at  good 
decisions  without  going  through  the  hard  work  and  time-consuming  effort 
to  consider  all  available  and  relevant  information.  Indeed,  there  are  many 
good  stories  where  the  rapid  cognitive  processes  of  System  1 thinking  do  a 
good  job.  But  it  is  important  to  keep  in  mind  that  these  stories  tend  to  be 
about  experts  who  spent  many  thousands  of  hours  doing  the  hard  work  of 
System  2 thinking  before  they  got  good  at  making  fast,  intuitive  decisions. 
Holt  (2011)  summed  up  the  relationship  between  System  1 and  System  2 
thinking  this  way:  "If  you've  had  10,000  hours  of  training  in  a predictable, 
rapid-feedback  environment — chess,  firefighting,  anesthesiology — then 
blink.  In  all  other  cases,  think"  (para.23).  This  is  good  advice.  You  will  learn 
the  skills  associated  with  System  2 thinking  throughout  this  book,  and 
after  you  put  in  the  hard  work  of  developing  expertise,  then  you  can  be 
more  confident  of  your  intuitions. 

Bounded  Rationality 

We  do  understand  today  many  of  the  mechanisms  of  human  rational 

choice.  We  do  know  how  the  information  processing  system  called 

Man,  faced  with  complexity  beyond  his  ken,  uses  his  information  pro- 
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cessing  capacities  to  seek  out  alternatives,  to  calculate  consequences, 
to  resolve  uncertainties,  and  thereby — sometimes,  not  always — to  find 
ways  of  action  that  are  sufficient  unto  the  day,  that  satisfice. 

— Herbert  A.  Simon  (Nobel  Memorial  Lecture,  1978,  p.  368) 

In  1978,  Herbert  Simon  was  recognized  with  a Nobel  Prize  for  understand- 
ing the  boundaries  of  human  thinking,  especially  when  people  are  con- 
fronted with  complex  and  changing  environments.  Simon  coined  the  term 
"bounded  rationality,"  which  is  a label  for  the  idea  that  people  are  not 
completely  rational;  there  are  limits  or  boundaries  on  our  ability  to  think 
rationally.  We  are  limited  by  the  fact  that  we  can  never  have  complete 
knowledge  of  the  consequences  of  our  decisions  because  the  consequences 
will  occur  sometime  in  the  future,  and  the  future  can  never  be  known  with 
certainty.  We  can  never  generate  a complete  list  of  alternative  decisions, 
and  very  often,  the  amount  of  information  we  need  to  consider  when  mak- 
ing decisions  is  more  that  we  can  keep  in  mind  at  one  time.  Most  of  the 
time,  people  are  satisficers,  which  means  that  they  make  "good  enough" 
decisions.  1 return  to  Simon's  notion  of  satisficing  later  in  this  book  when 
1 discuss  decision  making. 

Fast  and  Frugal  Thinking 

Relying  too  heavily  on  intuition  has  its  perils.  Cogent  medical  judg- 
ments meld  first  impressions  with  deliberate  analysis. 

— Jerome  Groopman  (2007,  p.  9) 

Although  Kahneman  has  been  described  as  "the  most  important  social 
scientist  of  his  generation"  (Goldstein,  2011),  there  are  critics  of  his  work. 
Gigerenzer,  (2007;  Gigerenzer,  Hoffrage,  & Goldstein,  2008)  a German  psy- 
chologist, takes  a more  positive  view  of  rapid  System  1-type  thinking,  stat- 
ing that  many  of  our  "thinking  shortcuts"  are  smart  and  lead  to  good 
decisions.  According  to  Gigerenzer,  thinking  shortcuts  are  "fast  and  fru- 
gal," where  frugal  means  that  they  do  not  require  extensive  mental  work, 
and  they  are  effective  when  time  and  information  are  limited.  Here  is  one 
of  Gigerenzer's  favorite  examples  to  demonstrate  the  (sometimes)  superior- 
ity of  fast  and  frugal  thinking: 

Which  city  has  a higher  larger  population:  San  Diego  or  San  Antonio? 
(Goldstein  & Gigerenzer,  2002,  p.  76) 

If  you  live  in  the  United  States,  you  probably  know  something  about  the 
relative  size  of  these  two  cities  and  will  use  that  knowledge  to  answer  that 
San  Diego  has  a larger  population.  But,  what  if  you  live  in  Germany,  and 
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you  have  little  or  no  knowledge  about  the  relative  size  of  these  two  cities. 
Guess  what,  you  are  more  likely  to  answer  correctly  than  are  Americans 
who  are  more  likely  to  know  something  about  the  comparative  size  of 
these  two  cities.  Approximately  two-thirds  of  people  in  the  United  States 
correctly  answered  that  San  Diego  has  a larger  population  than  San  Anto- 
nio. if  you  live  outside  the  United  States,  it  is  likely  that  you  have  heard 
something  about  San  Diego,  maybe  its  world  famous  zoo  or  beautiful 
beaches,  but  never  heard  of  San  Antonio.  You  would  quickly  reason  that  a 
city  you  heard  of  is  probably  larger  than  one  that  you  never  heard  of,  and 
in  this  example,  you  would  be  correct,  in  fact,  in  one  study,  100%  of  the 
respondents  from  Germany  answered  this  question  correctly  (Goldstein  & 
Gigerenzer,  2002).  Gigerenzer  uses  examples  like  this  one  as  evidence  that 
intuitive  fast  thinking  can  be  better  than  slow  thinking. 

But  critics  of  the  idea  that  fast  thinking  is  better  thinking  have  been  vocal. 
For  example,  Groopman  (2007)  wrote  a book  describing  how  good  doctors 
think,  especially  when  they  make  diagnoses.  He  began  his  book  with  a 
story  about  a woman  who  had  suffered  with  irritable  bowel  syndrome  for 
many  years,  and,  despite  numerous  doctor  visits,  her  condition  continued 
to  get  worse.  After  seeing  somewhere  between  15  and  30  different  physi- 
cians, she  found  one  that  did  not  make  a fast  and  frugal  diagnosis — he  did 
not  rely  on  his  first  hunch  or  intuition,  instead,  he  painstakingly  consid- 
ered a wide  variety  of  possible  causes  for  her  illness — recognizing  that  rare 
illnesses  do  occur.  Instead  of  treating  her  for  irritable  bowel  syndrome,  he 
reassessed  her  illness  history  and  came  up  with  a new  diagnosis  that  led  to 
different  treatments  and  ultimately  to  getting  better.  This  is  just  one  of 
many  examples  in  which  the  fast  and  intuitive  processes  in  thinking  were 
wrong. 

So,  what  can  we  conclude  from  all  of  the  examples  of  fast  and  slow  think- 
ing? Fast  thinking  is  more  likely  to  be  good  thinking  when  done  by  an 
expert  in  the  field  where  intuitions  were  born  from  thousands  of  hours  of 
more  careful  thinking  and  with  feedback.  Sometimes  we  can  rely  on  think- 
ing short-cuts,  but  most  often,  we  will  need  to  put  in  the  hard  work  of 
thinking  before  we  should  trust  our  intuitions  or  those  of  others. 


Emotions  Color  our  Thinking 

What  1 want  to  believe  based  on  emotions  and  what  1 should  believe 
based  on  evidence  does  not  always  coincide. 

— Michael  Shermer  (2009,  para.  3) 
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A key  idea  from  the  field  of  classical  economics  is  that  people  are  rational, 
which  means  that  they  think  in  ways  that  maximize  outcomes.  But,  as 
Simon,  Kahneman,  and  others  have  shown,  people  are  far  from  rational. 
For  example,  suppose  that  you  are  playing  the  Ultimatum  Game.  It  is  a 
simple  game.  There  are  two  players.  One  of  the  players  is  given  some 
money  and  told  to  divide  it  between  herself  and  a second  player.  If  the 
second  player  accepts  the  split,  each  side  keeps  what  they  have,  but  if  the 
second  player  rejects  the  split,  neither  side  gets  to  keep  any  money.  Ready 
to  play? 

Game  1.  1 am  given  $50  and  1 decided  to  give  you  $25.  Is  this  OK  with 
you? 

Almost  everyone  agrees  to  a 50-50  split. 

Game  2. 1 am  given  $50  and  1 decide  to  give  you  $2.  Is  this  OK  with  you? 

Probably  not.  It  is  likely  that  you  would  decide  to  get  no  money  at  all 
rather  than  accept  the  $2  offered. 

Now  this  is  not  a rational  choice  because  it  means  that  you  will  get  no 
money  at  all  instead  of  the  $21  offered  you,  but  it  is  a likely  one  because 
people  want  a fair  division,  and  when  the  division  strays  too  far  from 
fair,  people  reject  the  choice.  It  will  probably  not  surprise  readers  to 
learn  that  there  is  considerable  support  for  the  idea  that  emotions  are 
important  influences  on  how  and  what  we  think.  In  support  of  this  idea, 
psychologists  used  brain  imaging  techniques  (functional  magnetic  reso- 
nance imaging,  fMRl)  that  can  detect  which  areas  of  the  brain  are  active 
when  people  perform  different  tasks  (Sanfrey,  Rilling,  Aronson,  Nystron,  & 
Cohen  2003).  They  found  that  participants  who  rejected  an  offer  while 
playing  the  Ultimatum  Game  showed  high  levels  of  activity  in  brain 
areas  that  are  related  to  emotion  and  cognition.  These  images  correlated 
with  participants'  reports  that  they  felt  angry  when  the  other  player  of- 
fered them  an  unfair  amount  of  money.  The  authors  conclude  that 
"models  of  decision  making  cannot  afford  to  ignore  emotion  as  a vital 
and  dynamic  component  of  our  decisions  and  choices  in  the  real  world" 
(p.  1,758). 

Unconscious  Influences  on  How  We  Think 

At  long  last,  we  have  scientific  guidance  regarding  that  great  question 
of  social  lubrication:  Should  you  ask  someone  to  meet  for  a drink  or  a 
cup  of  coffee. 

— Lawrence  Williams  and  John  Bargh  (2008,  p.  606) 
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We  are  often  unaware  of  the  multiples  influences  on  how  we  think,  feel, 
and  behave.  Something  in  the  environment  can  trigger  a stream  of  thought 
without  our  being  aware  of  the  trigger.  Bargh  and  his  colleagues  (Bargh, 
2008;  Bargh  & Williams,  2006)  referred  to  the  unconscious  influences  as 
the  “automaticity  of  everyday  life."  They  happen  automatically  without 
any  conscious  intent  or  awareness.  Here  are  some  examples. 

in  one  study  (Bargh,  2007),  students  showed  up  in  a laboratory  waiting 
room  ready  to  participate  in  an  experiment.  When  the  researcher  showed 
up,  he  had  his  hands  full  with  books,  clip  boards,  and  a cup  of  coffee.  He 
asked  the  participants  to  hold  the  coffee  while  he  opened  the  door  to  the 
laboratory.  Half  of  the  participants  held  a hot  cup  of  coffee;  the  other  half 
held  a cup  of  ice  coffee.  The  participants  who  held  the  hot  coffee  rated  a 
third  person  as  "warmer"  than  those  who  held  the  ice  coffee.  None  of  the 
participants  believed  the  coffee  could  have  influenced  the  way  they  rated 
a third  person,  but  it  did.  Many  did  not  even  recall  if  the  coffee  they  held 
was  hot  or  cold,  but  it  affected  the  way  the  thought  about  a person  whom 
they  just  met. 

Along  similar  lines,  when  people  lifted  a heavy  clipboard  as  opposed  to  a 
light  one,  they  were  more  likely  to  evaluate  a job  candidate  as  "better  over- 
all" and  as  having  "more  serious  interest  in  the  position,"  suggesting  that 
the  additional  weight  of  the  clip  board  unconsciously  triggered  ideas  of 
being  weighty  and  serious  (Ackerman,  Nocera,  & Bargh,  2010).  in  addition, 
when  participants  sat  on  a hard  chair  as  opposed  to  those  who  sat  on  a soft 
chair,  they  were  more  likely  to  make  judgments  about  a hypothetical  em- 
ployee that  reflected  "strictness,  rigidity,  and  stability"  (p.  1,714).  it  seems 
clear  that  the  way  we  think  about  people  and  objects  in  the  world  is  influ- 
enced in  ways  that  we  are  not  only  unaware  of,  but  seem  hard  to  believe. 

We  cannot  know  about  all  of  the  influences  on  our  behavior,  but  we  can 
develop  an  awareness  of  our  environment  that  can  help.  If  for  example, 
you  notice  that  you  have  positive  feelings  about  a store  that  always  plays 
upbeat  positive  music,  you  can  consider  the  possibility  that  it  is  the  music 
that  is  creating  or  contributing  to  how  you  feel  about  this  store. 

Thinking  about  Thinking 


You  are  today  where  your  thoughts  have  brought  you;  you  will  be  to- 
morrow where  your  thoughts  take  you. 


-James  Lane  Allen 
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There  are  many  different  ways  to  conceptualize  the  thinking  process.  From 
the  perspective  of  a neuropsychologist  or  biologist,  thinking  is  the  activa- 
tion of  groups  of  neurons.  Other  researchers  study  the  medium  of  thought, 
the  conscious  and  unconscious  use  of  symbols,  images,  and  words.  An- 
other approach  is  to  conceptualize  thinking  as  the  flow  and  transformation 
of  information  through  a series  of  stages.  But,  can  our  brain  reveal  its  own 
mysteries?  Can  we  use  our  brain  to  think  about  how  we  use  our  brain  to 
think? 

Thinking  as  a Biological  Process 

The  brain  exists  in  order  to  construct  representations  of  the  world. 

— Philip  Johnson-Laird  (quoted  in  Restak,  1988,  p.  235) 

Researchers  from  many  fields  have  spent  their  lifetimes  trying  to  under- 
stand what  people  do  when  they  think.  Brain  researchers  are  interested  in 
understanding  how  the  brain  and  other  parts  of  the  nervous  system  work. 
Every  time  you  have  a thought,  feel  an  emotion,  or  receive  information 
through  your  senses,  your  nervous  system  is  involved.  If  you  could  exam- 
ine your  own  brain,  you  would  no  doubt  be  surprised  to  find  that  it  looks 
like  a giant  mushy  walnut  with  the  consistency  of  a soft-boiled  egg.  There 
is  nothing  in  its  appearance  to  even  suggest  that  it  is  the  foundation  of 
human  thought. 

The  capacity  of  the  human  brain  is  awesome.  "If  each  of  the  brain's  10  to 
15  billion  neurons  is  capable  of  only  two  states,  on  or  off,  the  capacity  of 
the  brain  would  be  2“  billionth  power.  To  write  out  this  number  at  the  rate 
of  one  digit  per  second  would  take  ninety  years"  (The  Chronicle  of  Higher 
Education,  1987,  p.  A2).  Even  if  these  figures  are  off  by  a few  billion  or  so, 
and  more  recent  estimates  put  the  number  of  neurons  as  somewhere  be- 
tween 86  billion  and  100  billion,  it  is  clear  that  we  each  have  some  unde- 
veloped potential.  The  human  brain  has  remained  essentially  unchanged 
since  the  dawn  of  modern  history,  yet  during  that  time  humans  have  used 
this  amazing  mass  to  develop  advanced  technologies  that  include  the  abil- 
ity to  visit  distant  planets  and  have  more  than  doubled  the  average  ex- 
pected life  span.  What  has  changed  is  "the  information  that  is  going  into 
the  brain  and  the  processing  it  receives"  (Machado,  cited  in  Walsh,  1981, 
p.  640.)  It  is  the  ability  to  learn  and  to  think  that  has  changed  the  world. 

Everything  that  we  are  or  ever  will  be  can,  at  least  on  one  level,  be  attrib- 
uted to  patterns  of  neurons  that  communicate  via  chemical  messengers. 
The  connections  among  neurons  change  as  a function  of  experience  (and 
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genetically  coded  information).  Experience  is  the  major  architect  of  the 
brain.  Consider,  for  example,  a study  in  which  adolescent  girls  played  the 
popular  computer  game  called  “Tetris"  for  1.5  hours  a week  for  three 
months  (Haier,  Karama,  Leyba,  & Jung,  2009).  In  Tetris,  different  shapes 
appear  to  fall  across  the  computer  screen.  The  player  learns  to  rotate  each 
piece  so  that  it  completes  a row  at  the  bottom  of  the  screen.  Neuroimaging 
of  the  girls'  brains  before  and  after  training  showed  increased  cortical  thick- 
ness relative  to  control  participants  (who  did  not  play  Tetris)  that  were  as- 
sociated with  Tetris  training.  These  large  changes  in  the  structure  of  the 
brain  resulted  from  a relatively  small  manipulation.  We  can  change  our 
brains  by  selecting  different  sorts  of  experiences.  Every  time  you  learn 
something  new,  you  have  changed  your  brain.  If  you  have  learned  any- 
thing new  since  you  started  reading  this  book,  you  are  already  a changed 
person — I have  "messed  with"  your  brain.  I hope  you  will  agree  that  I left 
it  better  than  it  was  before  you  started  reading. 

Thinking  as  Imagery  and  Silent  Speech 

Thinking  is  the  talking  of  the  soul  with  itself. 

— Author  unknown;  found  in  a fortune  cookie 

Psychologists  at  the  beginning  of  the  20th  century  believed  that  thinking 
was  composed  of  mental  images.  Later,  other  psychologists  hypothesized 
that  thinking  was  simply  a form  of  “silent  speech,"  much  like  talking  to 
yourself  without  vocalization.  In  order  to  test  these  hypotheses,  psycholo- 
gists would  ask  subjects  to  describe  what  they  did  when  responding  to 
certain  questions.  Let's  try  some  examples.  As  you  answer  each  question 
posed  below,  try  to  be  aware  of  what  you  did  as  you  “thought  about  it." 

1.  How  many  windows  are  in  your  living  room? 

2.  What  does  your  mother  look  like? 

3.  What  letter  comes  after  N in  the  alphabet? 

4.  Name  a word  that  rhymes  with  "shoe." 

5.  How  much  is  2 -i-  3? 

6.  Can  you  define  "critical  thinking?" 

As  you  answered  these  questions,  were  you  aware  of  the  use  of  images  and/ 
or  words?  Most  people  find  that  when  they  are  asked  to  describe  some 
concrete  object,  like  the  number  of  windows  in  their  living  room  or  their 
mother,  they  are  aware  of  picture-like  images.  In  fact,  it  seems  almost  im- 
possible to  answer  these  questions  without  generating  an  internal 
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Tilt  FAMILY  CIRCl  S.  By  Bil  Keane 


“Thinking  is  when  the  picture  is  in  your  head 
with  the  sound  turned  off." 

The  Family  Circus  by  Bil  Keane.  Used  with  permission  by  King  Features. 


representation  or  utilizing  imagery  in  some  way.  Can  you  describe  your 
mother  or  anyone  else  without  creating  an  image?  Questions  like  3 or  4, 
which  involve  the  order  of  letters  in  the  alphabet  and  the  sounds  of  words, 
usually  require  an  individual  to  recite  the  items  silently.  (Did  you  sing 
"1-m-n-o-p"  to  yourself  in  order  to  answer  Question  3?)  When  answering 
questions  like  5 and  6,  people  are  often  unable  to  say  how  they  arrived  at 
an  answer.  (By  the  way,  if  your  answer  to  Question  6 was  "no,"  you  should 
go  back  and  reread  the  beginning  sections  in  this  chapter.)  Most  people  feel 
that  the  answers  just  seemed  to  "pop  into  their  heads"  without  their  being 
conscious  of  the  "medium"  or  "stuff"  of  thought. 

Sometimes,  thinking  can  be  improved  if  we  "work  at"  generating  an  image 
or  using  speech-like  thought.  Albert  Einstein  often  credited  his  ability  to 
solve  difficult  problems  to  his  extensive  use  of  imagery.  The  most  famous 
use  of  imagery  was  recorded  by  the  chemist  Kekule.  He  knew  that  if  he 
could  understand  the  structure  of  a benzene  molecule  he  would  have  hit 
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on  one  of  the  most  important  discoveries  in  organic  chemistry.  Kekule 
knew  that  most  chemical  molecules  are  long  strands  of  atoms,  and  that  the 
structure  of  a benzene  molecule  had  to  be  different.  In  order  to  solve  this 
problem,  Kekule  practiced  generating  visual  images  that  might  help  him 
to  find  the  right  one.  His  hard  work  was  rewarded  when  the  historic 
answer  came  to  him  this  way:  "Again  the  atoms  were  gamboling  before  my 
eyes  . . . My  mental  eye  . . . could  now  distinguish  larger  structures  ...  all 
twining  and  twisting  in  a snakelike  motion.  But  look!  What  was  that!  One 
of  the  snakes  had  seized  hold  of  its  own  tail,  and  the  form  whirled  mock- 
ingly before  my  eyes.  As  if  by  a sudden  flash  of  lightning  I awoke"  (Kekule, 
quoted  in  Rothenberg,  1979,  pp.  395-396;  I note  here  that  some  experts  are 
not  convinced  that  this  is  a true  story). 

Words  also  serve  to  direct  and  stimulate  thought.  Although  it  may  be  obvi- 
ous that  thoughts  are  usually  communicated  with  language,  it  is  also  true 
that  language  helps  to  generate  thoughts.  The  generative  role  of  language 
can  be  seen  in  an  experiment  by  Glucksberg  and  Weisberg  (1966).  They 
used  a classic  problem  in  the  psychology  literature  that  was  originally  de- 
vised by  Duncker  (1945).  In  this  problem,  subjects  are  required  to  attach  a 
candle  to  a wall  so  that  it  could  be  lit.  They  are  given  a candle,  a box  of 
matches,  and  some  thumbtacks.  Stop  now  and  think  how  you  would  go 
about  solving  this  problem  if  you  were  given  only  these  materials.  Do  not 
go  on  until  you've  thought  about  it. 


u 


Figure  1.4  Using  only  the  materials  show  in  this  figure,  how  would  you  attach  the 
candle  to  the  wall  so  that  it  can  be  burned? 
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The  best  solution  is  to  dump  the  matches  from  their  box,  tack  the  box  to 
the  wall  and  set  the  candle  in  the  box.  Most  subjects  have  difficulty  with 
this  task  because  they  fail  to  think  of  the  box  as  part  of  the  solution — they 
see  it  only  as  a "box  of  matches."  Glucksberg  and  Weisberg  had  people 
solve  this  problem  under  one  of  two  conditions.  The  items  were  either  la- 
beled ("box,"  "tacks,"  "candle,"  and  "matches")  or  they  were  not  labeled. 
Subjects  in  the  labeled  condition  solved  the  problem  in  about  one  minute, 
while  those  in  the  unlabeled  condition  took  an  average  of  nine  minutes. 
The  labels  directed  attention  to  the  relevant  items  and  changed  how  the 
subjects  in  the  first  group  solved  this  problem.  (1  return  to  this  problem  in 
Chapter  9,  where  1 discuss  problems  in  problem  solving.) 

Let's  consider  a different  example  of  the  way  language  directs  thought. 
There  is  a popular  riddle  that  goes  something  like  this: 

A young  boy  and  his  father  went  for  a Sunday  drive.  A drunken  driver 
swerved  in  front  of  their  car,  killing  the  father  on  impact.  The  young 
boy  was  rushed  to  the  nearest  hospital  where  the  chief  of  neurosur- 
gery was  summoned  to  perform  an  operation.  Upon  seeing  the  boy,  the 
chief  of  neurosurgery  cried  out,  "1  can't  operate  on  him,  he's  my  son!" 
How  is  this  possible? 

When  I've  posed  this  riddle  to  students,  they  have  sometimes  replied:  "The 
chief  of  neurosurgery  is  the  boy's  stepfather";  "The  real  father  didn't  die"; 
or  "It's  impossible."  Have  you  guessed  the  correct  answer?  The  answer  is 
that  the  chief  of  neurosurgery  is  the  boy's  mother.  The  reason  for  the  dif- 
ficulty is  that  in  our  society,  when  we  hear  terms  like  "chief  of  neurosur- 
gery" we  tend  to  consider  only  males.  The  words  we  use  can  determine  the 
kinds  of  thoughts  we  think.  (This  concept  is  developed  more  fully  in 
Chapter  3.) 

Critical  Thinking:  Hollywood  Style 


Unfortunately,  critical  thinking  sometimes  has  a pejorative  connotation. 
This  is  especially  true  in  common  media  depictions  of  the  good  thinker  as 
someone  who  is  cold  and  calculating.  The  quintessential  example  of  stereo- 
type is  the  pointy-eared  Mr.  Spock  of  Star  Trek  fame.  As  you  probably  know, 
Mr.  Spock  is  a fictitious  character  from  the  popular  television  series  and 
movies  about  space  travel  in  the  distant  future.  Spock,  as  he  is  most  com- 
monly called,  is  only  half-human,  a fact  that  is  revealed  by  his  pointy-ears. 
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The  other  half  of  his  bi-species  heritage  is  Vulcan,  a species  of  being  whose 
thinking  is  totally  rational,  in  fact,  he  is  so  reasoned,  that  he  is  unable  to 
understand  the  mushy  and  sentimental  emotions  that  seem  to  plague  mere 
humans — emotions  like  love  and  hate,  which  have  no  rational  counter- 
part. The  media  depiction  of  this  popular  fictitious  character  presents  the 
message  that  rational  thought  is  cold  and  incompatible  with  human 
feelings. 

Other  times,  the  media  depicts  the  "good  thinker"  or  good  student  as  the 
"nerd."  The  good  thinker  is  rarely  the  attractive  beauty  queen  or  the  ath- 
letic stud.  More  typically,  this  character  is  ridiculed  for  wearing  thick 
glasses  (often  held  together  with  masking  tape),  wiping  at  or  sniffing  with 
chronic  rhinitis,  and  expressing  a predilection  for  plaid  clothing.  This 
negative  message  about  good  thinking  is  a common  theme  in  movies  made 
for  the  huge  teen  market,  in  many  ways,  the  idea  that  thinking  reflectively 
or  following  a reasoned  plan  of  action  instead  of  an  emotional  one  is  made 
to  appear  "uncool."  The  impulsive  and  dashing  bubbleheads  who  are  por- 
trayed as  the  heroes  in  this  genre  of  immensely  profitable  movies  are  as 
ludicrous  a stereotype  as  the  nerdy  good  thinker.  Perhaps  if  the  movies 
showed  the  lives  of  these  stereotyped  teens  a few  years  later,  when  the  im- 
pulsive bubblehead  is  working  at  a low-paying  job  (or  in  jail)  and  the  nerdy 
thinker  is  doing  interesting  work  for  a better  salary,  critical  thinking  would 
suddenly  look  very  "cool."  As  long  as  these  stereotyped  movie  images  make 
money,  it  will  be  difficult  to  correct  these  negative  stereotypes  and  make 
critical  thinking  a desirable  goal. 

The  negative  image  of  thinking  is  not  just  restricted  to  teen  movies.  After 
every  televised  presidential  debate,  a small  army  of  "spin  masters"  come  on 
the  air  to  tell  the  American  public  what  the  candidates  just  said.  Their  task 
is  to  put  a positive  "spin"  on  their  preferred  candidate  (e.g..  He  provided  a 
clear  vision  for  America  . . . blah,  blah,  blah)  and  a negative  spin  on  the 
opponent  (e.g..  He  was  perspiring  and  did  not  smile  enough  . . . blah,  blah, 
blah),  in  one  retelling  of  what  the  candidates  just  said,  a prominent  spin 
master  faulted  the  opposition  candidate  for  providing  too  much  informa- 
tion and  for  hesitating  before  answering  complex  questions!  it  seems  to  be 
the  expected  format  that  candidates  will  provide  quotable  snippets  that  are 
completely  unrelated  to  reasoned  responses  about  immensely  important 
issues  (e.g.,  1 knew  John  Kennedy  and  you're  no  John  Kennedy;  Read  my 
lips!)  and  short  answers  that  reduce  complex  issues  to  one  liners.  The  gen- 
eral public  often  responds  negatively  when  candidates  give  thoughtful. 
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intelligent  responses  to  complex  questions,  perhaps  because  we  have  been 
conditioned  to  associate  this  sort  of  response  with  the  "loser"  image  that 
Hollywood  and  the  other  media  seem  to  enjoy. 

Critical  thinking  has  been  unfairly  portrayed  as  cold  and  unemotional.  The 
desirable  goal  of  a problem  or  decision  is  often  based  on  values,  feelings, 
and  predilections.  In  addition,  one  frequently  recommended  skill  in  im- 
proving an  outcome  is  to  try  to  "see"  the  issue  from  the  perspective  of 
other  individuals.  Empathy,  imagination,  and  value  setting  are  all  part  of 
critical  thinking. 

Becoming  a Better  Thinker:  A Skills  Approach 

Critical  thinking  skills  are  those  strategies  for  finding  ways  to  reach  a goal. 
Of  course,  dividing  the  thinking  process,  which  is  fluid  and  continuous, 
into  discrete  skills  is  artificial,  but  it  is  necessary  to  break  the  massive  topic 
of  critical  thinking  into  manageable  pieces.  Although  1 have  divided  the 
topic  of  critical  thinking  into  several  chapters,  each  of  which  focuses  on  a 
different  type  of  problem  (e.g.,  reasoning,  analyzing  arguments,  testing 
hypotheses,  making  decisions,  and  estimating  likelihoods),  these  problems 
are  not  easily  separable  in  real  life.  You  will  often  need  to  estimate  likeli- 
hoods when  making  a decision  or  generate  possible  solutions  in  a reason- 
ing task.  The  division  is  necessary  for  teaching  and  learning  and  is  not 
meant  to  imply  that  critical  thinking  can  be  cut  into  neat  packages. 

The  development  of  critical  thinking  skills  requires  specific  instruction, 
practice  in  a variety  of  contexts,  feedback,  and  time  to  develop.  1 hope  that 
working  your  way  through  this  book  will  be  mostly  enjoyable  and  well 
worth  all  of  the  effort.  An  important  part  of  learning  is  applying  the  skills 
of  critical  thinking  to  the  many  different  examples  that  appear  throughout 
the  book.  To  become  a critical  thinker,  you  will  need  to  practice,  practice, 
practice.  As  the  old  joke  goes,  it  is  the  only  way  to  get  to  Carnegie  Hall.  So, 
please  get  comfortable,  prepare  for  some  interesting  work,  and  enjoy  this 
book. 

Chapter  Summary 


The  rapidly  accelerating  pace  of  change  and  widespread  availability 
of  a glut  of  information  has  made  the  ability  to  think  critically 
more  important  than  at  any  other  time  in  history. 
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• Critical  thinking  can  be  defined  as  the  use  of  those  cognitive  skills 
or  strategies  that  increase  the  probability  of  a desirable  outcome.  It 
is  used  to  describe  thinking  that  is  purposeful,  reasoned,  and  goal 
directed. 

• There  is  considerable  empirical  evidence  from  a variety  of  sources 
that  cognitive  skills  can  be  learned  from  instruction  specifically 
designed  to  teach  these  skills  and  that  these  skills  transfer  to  real- 
world  settings  when  they  are  practiced  in  multiple  contexts. 

• Developing  a critical  thinking  attitude  and  disposition  is  at  least  as 
important  as  developing  the  skills  of  critical  thinking.  The  skills  are 
useless  if  they  are  not  used.  The  attitude  of  a critical  thinker  must 
be  cultivated  and  valued. 

• The  attitude  or  disposition  for  critical  thinking  includes  the 
willingness  to  plan,  flexibility,  persistence,  the  willingness  to  ac- 
knowledge one's  errors  and  change  your  mind  when  the 
evidence  supports  a change  in  position,  being  mindful,  and 
consensus-seeking. 

• Metacognition  refers  to  people's  knowledge  of  their  own  thought 
processes.  We  often  have  little  conscious  awareness  of  how  we 
think.  Self-monitoring  your  own  thought  processes  is  one  way  to 
improve  how  you  think. 

• It  is  useful  to  consider  thinking  as  having  two  components — a fast 
or  intuitive  component  known  as  System  1 and  a slower,  more  de- 
liberate component  known  as  System  2.  Critical  thinking  is  System 
2 thinking. 

• Although  many  people  believe  in  their  powers  of  intuition,  intui- 
tive thinking  is  more  likely  to  be  good  thinking  when  done  by  an 
expert  who  has  had  repeated  experience  with  feedback  in  her  field 
of  expertise. 

• There  are  limits  or  boundaries  on  how  rational  people  can  be.  Be- 
cause we  can  never  have  complete  information  or  know  the  out- 
come of  our  decisions  with  certainty,  people  are  satisficers,  which 
means  that  in  most  circumstances,  they  make  "good  enough" 
decisions. 

• Emotions  interact  with  how  we  think  and  can  lead  us  to  make  deci- 
sions that  are  not  purely  rational.  We  are  thinking  and  feeling  be- 
ings; the  emotional  aspects  of  thinking  cannot  be  ignored. 
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• What  and  how  we  think  are  influenced  by  multiple  environmental 
cues  that  we  are  not  aware  of  and  that  most  of  us  find  hard  to  be- 
lieve are  affecting  the  judgments  we  make. 

• People  report  that  thinking  sometimes  seems  to  rely  on  visual  im- 
agery and  sentence-like  propositions.  There  are  individual  differ- 
ences and  task  differences  in  the  use  of  these  modes  of  thought. 

• Remember,  you  are  what  (and  how)  you  think!  Have  fun  with  this 
book. 

Terms  to  Know 


You  should  be  able  to  define  the  following  terms  and  concepts.  A good  way 
to  review  and  check  your  comprehension  is  to  cover  up  the  definition,  try 
to  define  each  term,  and  then  uncover  the  definition  and  compare  your 
answer  with  the  brief  one  that  is  provided.  (Your  answer  is  expected  to  be 
more  complete  that  the  one  presented  in  this  review.)  The  goal  is  not  to 
memorize  the  terms;  instead,  you  should  be  sure  that  your  definition  cap- 
tures the  meaning  of  the  term.  Be  sure  to  cover  the  definition  because  it  is 
easy  to  believe  you  know  it  when  the  answer  is  in  front  of  you,  but  hard  to 
fool  yourself  when  you  have  to  generate  your  own  answer.  If  you  find  that 
you're  having  difficulty  with  any  term,  be  sure  to  reread  the  section  in 
which  it  is  discussed. 

Critical  Thinking.  The  use  of  those  cognitive  skills  or  strategies  that  increase  the 
probability  of  a desirable  outcome.  It  is  purposeful,  reasonable,  and  goal  di- 
recfed.  Also  known  as  directed  thinking.  Compare  with  nondirected  thinking. 
Nondirected  Thinking.  Daydreams,  night  dreams,  and  rote  memorization. 

Compare  with  directed  (or  critical)  thinking. 

Transfer  of  Training.  The  spontaneous  use  of  skills  that  are  learned  in  one  con- 
text in  a different  context. 

Hahit  of  Planning.  The  repeated  use  of  plans  until  the  process  becomes 
automatic. 

Self-regulation.  Using  feedback,  monitoring  comprehension,  and  assessing 
progress  toward  a goal. 

Self-jnstification.  Making  excuses  for  a belief  or  a behavior  instead  of  consider- 
ing the  possibility  that  the  belief  or  behavior  may  be  wrong. 

Metacognition.  Our  knowledge  about  our  memory  and  thought  process.  Collo- 
quially, what  we  know  about  what  we  know. 

Intelligence.  The  ability  to  reason,  plan,  solve  problems,  and  think  abstractly. 
System  1 Thinking.  Type  of  thinking  that  is  fast  and  effortless.  It  is  sometimes 
thought  of  an  intuition. 
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System  2 Thinking.  Type  of  thinking  that  is  slow  and  effortful.  It  informs  Sys- 
tem 1 thinking.  Critical  thinking  is  System  2 thinking. 

Imagery.  The  use  of  an  internal  picture-like  representation  while  thinking. 

Critical  Thinking  Attitude.  The  willingness  to  plan,  he  flexible  in  one's  think- 
ing, be  persistent,  to  self-correct,  maintain  mindful  attention  to  the  thought 
process,  and  seek  consensus.  It  is  not  possible  to  be  a critical  thinker  without 
this  sort  of  attitude. 


CHAPTER  2 
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In  1984,  James  Curtis  Williams  was  convicted  of  a horrific  crime  that 
included  the  rape  and  shooting  of  a 27-year-old  woman  outside  a Dal- 
las bar  and  the  theft  of  her  car.  The  victim  identified  him  as  her  assail- 
ant. In  addition,  three  men  testified  that  they  saw  two  Black  men  with 
her  car,  and  the  three  of  them  identified  Williams  as  one  of  the  men. 
In  2010,  the  Dallas  police  accepted  Williams'  request  for  DNA  testing 
using  the  biological  evidence  that  had  been  collected  at  the  time  of  the 
crime.  The  DNA  matched  that  of  another  man  who  was  currently  in- 
carcerated for  other  crimes.  Williams  was  declared  innocent  after 
spending  over  25  years  behind  bars.  There  are  many  similar  cases  on 
the  website  of  the  Innocence  Project,  where  the  authors  explain  that 
misidentification  is  the  greatest  single  cause  of  wrongful  convictions. 
"Research  shows  that  the  human  mind  is  not  like  a tape  recorder;  we 
neither  record  events  exactly  as  we  see  them,  nor  recall  them  like  a 
tape  that  has  been  rewound.  Instead,  witness  memory  is  like  any  other 
evidence  at  a crime  scene;  it  must  be  preserved  carefully  and  retrieved 
methodically,  or  it  can  be  contaminated"  (Innocence  Project,  Under- 
standing the  Causes).  We  can  be  certain  that  we  are  remembering  with 
great  accuracy  and  be  very  wrong. 


Try  to  imagine  what  life  would  be  like  if  you  had  no  memory.  For  most  of 
us,  this  is  a frightening  thought.  A loss  of  memory  is  a kind  of  death.  If  we 
had  no  memory  for  our  past,  the  people  we  are  would  no  longer  exist,  even 
if  our  bodies  continued  to  function.  Our  memories  are  our  most  valuable 
possession.  I do  not  know  anyone  who  would  sell  the  memories  he  or  she 
has  accumulated  over  a lifetime,  no  matter  how  much  money  was  offered. 
Life  without  memory  is  unfathomable. 
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All  intelligent  systems  (e.g.,  humans,  computers,  dogs,  cockroaches)  have 
the  ability  to  learn  and  remember.  These  abilities  play  a crucial  role  in  all 
of  our  lives.  Most  importantly,  they  are  inevitable  consequences  of  living. 
Because  the  ability  to  think  clearly  depends,  in  large  part,  on  how  well  we 
can  utilize  past  experiences,  memory  is  a central  topic  in  developing  think- 
ing skills.  Thinking  is  often  defined  as  the  manipulation  or  alteration  of 
an  internal  representation.  People  use  information  in  memory  and,  in  the 
process,  the  way  the  information  is  represented  in  memory  is  changed. 
Thinking  is  a cognitive  process — ^what  and  how  we  think  depends  on  what 
we  know — the  contents  of  our  memories,  in  this  chapter,  we  consider  cur- 
rent views  of  how  memory  works,  why  forgetting  occurs,  when  memory 
can  be  misleading,  and  ways  to  improve  memory. 

All  thinking  skills  are  inextricably  tied  to  the  ability  to  remember.  Con- 
sider, for  example,  the  perception  of  risk.  Psychologists  have  found  that 
hazards  that  are  unusually  memorable,  such  as  a recent  disaster  or  a sensa- 
tionalized depiction  in  a film  or  televised  newscast  (e.g.,  stories  about  teen- 
agers who  kill  their  parents  and  knife-wielding  wives  who  mutilate  their 
husbands)  distort  people's  perception  of  risk.  Most  people  rate  dramatic 
causes  of  death  such  as  earthquake  or  shark  attack  to  be  many  times  more 
likely  than  they  actually  are,  while  less  memorable  causes  of  death  are  rou- 
tinely underestimated  (Lichtenstein  et  al.,  1978). 

The  distortion  in  perceived  risk  is  due  to  the  sorts  of  events  that  people 
can  think  of  when  they  make  judgments  about  risk.  People  fear  adverse 
events  that  are  most  readily  available  in  memory.  Consider,  for  example, 
the  horrific  attacks  in  the  United  States  on  9/11/2001.  For  days,  videos  of 
airplanes  flying  into  the  World  Trade  Center  in  New  York  were  played  and 
replayed  on  television,  web  sites,  and  social  media.  The  shocking  images 
have  been  seared  into  the  memories  of  many  people  who  were  old  enough 
at  the  time  to  have  seen  them  repeatedly,  in  the  aftermath  of  9/11,  many 
people,  especially  in  the  United  States,  but  in  many  other  countries  as 
well,  decided  that  it  was  safer  to  drive  than  to  fly.  But,  in  fact,  driving  is 
far  more  lethal  than  flying,  even  when  we  include  deaths  from  terrorist 
attacks,  it  is  estimated  that  the  additional  auto  traffic  following  9/11 
caused  2,170  more  deaths  on  the  road  (Blalock,  Kadiyali,  & Simon,  2005). 
People  tend  to  fear  the  wrong  things.  1 do  not  mean  to  minimize  the  hor- 
rors of  terrorist  attacks,  but  we  need  to  remember  that  terrorism  is  a psy- 
chological phenomenon  designed  to  create  fear  and  change  how  people 
live  their  lives,  in  fact,  people  are  far  more  likely  to  die  in  a car  accident, 
but  most  people  do  not  have  an  appropriate  fear  of  car  accidents,  because 
when  they  think  about  driving,  they  recall  their  many  accident-free  car 
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trips.  The  ease  with  which  we  recall  something  is  a critical  determinant  of 
how  we  think  about  it,  but  with  conscious  thought  (and  some  data  com- 
parisons from  a reliable  source),  we  can  get  better  at  assessing  risks. 

Another  example  of  the  centrality  of  memory  to  the  thinking  process  can 
be  seen  in  decision  making  by  juries.  The  jury  process  is  at  the  heart  of  the 
legal  system  in  many  countries. 

For  countries  that  have  a jury  system,  it  is  one  of  the  most  cherished  rights 
as  citizens.  A group  of  strangers  is  cloistered  in  a small  room  for  the  sole 
purpose  of  evaluating  evidence  pertaining  to  the  guilt  or  innocence  of  an 
accused.  The  synthesis,  analysis,  and  weighing  of  evidence  that  is  often 
contradictory  is  a complex  cognitive  process,  which  like  all  cognitive  pro- 
cesses, depends  on  what  is  remembered  as  well  as  how  jurors  think  about 
the  information  they  remember  (Bornstein  & Green,  2011).  If  you  were 
the  attorney  in  a trial,  you  would  want  to  make  sure  that  the  jurors 
(or  judges)  remembered  the  information  that  was  favorable  to  your  side 
because  they  cannot  consider  information  in  their  deliberations  if  they 
cannot  remember  it.  Attorneys  who  want  to  be  sure  that  their  information 
is  recalled  are  often  advised  to  show  photos  of  their  witnesses  during  the 
closing  arguments  so  that  jurors  can  remember  who  said  what  during  the 
trial  (Wilcox,  n.d.).  In  addition,  trial  lawyers  repeat  key  points  throughout 
the  trial  to  help  jurors  and  judges  remember  them.  (You  will  find  that  1 
repeat  key  points  throughout  this  text  for  the  same  reason.)  The  critical 
importance  of  memory  cannot  be  understated,  whether  it  is  in  the  context 
of  a physician  making  a diagnosis,  a voter  deciding  how  to  cast  a vote,  or 
a student  preparing  for  an  exam. 


Memory:  The  Acquisition,  Retention,  and  Retrieval  of  Knowledge 


It's  a poor  sort  of  memory  that  only  works  backward. 

— Lewis  Carroll  (1871) 

The  relationship  among  learning,  retaining,  and  recalling  involves  the  pas- 
sage of  time.  Let's  clarify  this  with  an  example.  When  you  finish  reading 
this  section  of  the  book,  you  should  be  able  to  answer  a question  like: 
"What  is  the  relationship  between  learning,  retaining,  and  recalling?"  If 
you  write  the  correct  answer  on  an  exam,  your  professor  will  infer  that 
sometime  before  the  exam  you  learned  the  relevant  material,  you  retained 
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it  (kept  it  in  memory),  and  you  were  able  to  recall  it  (retrieve  it  from  mem- 
ory) when  it  was  needed.  Learning  and  memory  are  not  observable  behav- 
iors. They  must  be  inferred  from  the  activity  of  recall,  such  as  writing  the 
correct  answer  on  a test. 

If  I asked  you  what  notable  athletic  event  occurred  in  London  in  2012,  and 
you  answered  correctly,  then  I would  infer  that  you  learned,  retained,  and 
recalled  that  London  was  the  site  of  the  2012  Olympic  Games.  If  you  are 
unable  to  answer  this  question,  then  either:  (a)  you  never  learned  the  fact 
in  question;  or  (b)  you  learned  it,  but  forgot  it;  or  (c)  you  could  recall  it  in 
some  other  situation,  maybe  with  some  recall  cues. 

The  relationship  between  learning  and  memory  is  a temporal  one  (time- 
based)  that  is  depicted  on  the  time  line  in  Figure  2.1. 

Something  happens  at  Time  1 that  we  call  learning  or  the  acquisition  of 
information.  Following  Time  1 is  an  interval,  which  can  be  as  short  as  a few 
thousandths  of  a second  or  as  long  as  a lifetime.  Retention  of  information 
during  this  time  interval  is  attributed  to  memory,  but  indexed  by  retrieval. 
At  Time  2,  the  individual  exhibits  some  behavior,  like  correctly  answering 
an  exam  question  that  allows  us  to  infer  that  the  material  was  both  learned 
and  remembered. 


Memories  are  Stored  in  Associative  Networks 

Memory  is  deceptive  because  it  is  colored  by  today's  events. 

— Albert  Einstein  (1879-1955) 

Information  is  stored  in  long-term  memory  (other  types  of  memory  are 
discussed  later  in  this  chapter)  in  associative  networks,  which  are  spider- 
like organizations  of  information  in  which  closely  related  topics  are  located 
near  each  other  (e.g.,  woman-man;  plane-train)  and  those  that  bear  little 


Memory  ► Retrieval 

X 

] 

Y 

Time  1 Retention  Interval  Time  2 

Figure  2.1  A time  line  depicting  the  relationship  between  learning,  memory,  and 
retrieval. 


Learning  - 

X 

1: 


60  Thinking  Starts  Here 


relationship  to  each  other  (e.g.,  woman-printer;  plane-Lady  Gaga)  are  far- 
ther away.  Objects,  emotions,  and  actions  that  frequently  occur  together 
become  linked  in  memory  so  that  when  we  retrieve  information,  one 
memory  reminds  us  of  a related  concept,  which  reminds  us  of  another,  and 
so  on.  An  example  should  help  with  this  abstract  concept. 

Suppose  1 ask  you  to  think  about  video  games.  Some  of  you  have  a great 
deal  of  knowledge  about  video  games  and  can  describe  many  different 
ones,  the  rules  for  playing  them,  and  the  differences  between  shooter 
games  and  strategy  games,  if  you  are  knowledgeable  about  video  games, 
you  know  about  the  type  of  strategic  thinking  needed  to  succeed  in  World 
of  Warcraft  or  Angry  Birds,  it  is  likely  that  most  readers  are  not  scratching 
their  heads  and  uttering,  "huh?"  at  the  mention  of  World  of  Warcraft  or 
Angry  Birds,  two  games  that  each  claim  tens  of  millions  of  players,  if  you 
are  familiar  with  these  games,  you  have  an  interconnected  knowledge 
structure  complete  with  the  rules  and  strategies  for  playing  them,  if  you 
know  any  Angry  Birds  addicts,  you  probably  know  that  the  goal  is  to  de- 
stroy the  green  pigs  who  are  stealing  the  birds'  eggs.  So,  just  by  reading  the 
words  "angry  birds,"  you  are  also  activating  your  knowledge  of  related 
concepts,  such  as  green  pigs,  if,  on  the  other  hand,  you  know  little  or  noth- 
ing about  these  games,  then  you  are  no  more  likely  to  start  thinking  about 
green  pigs  than  you  are  to  think  about  the  man  in  the  moon  when  you 
read  the  words  Angry  Birds. 

For  a more  mundane  example,  think  about  babies.  You  know  that  they 
often  cry,  wear  diapers,  drink  breast  milk  or  infant  formula,  and  so  on.  These 
related  concepts  are  all  activated  when  you  think  about  babies  because  they 
are  associated  in  your  memory.  These  associations  affect  how  we  think  and 
act,  often  without  our  awareness.  Here  is  an  example  of  the  associated  na- 
ture of  concepts  in  memory  taken  from  Buonomano's  (2011)  book  that  ex- 
plains how  the  brain  works  and  why  it  sometimes  works  in  flawed  ways: 

Answer  the  following  three  questions: 

1.  What  continent  is  Kenya  in? 

2.  What  are  the  two  opposing  colors  in  the  game  of  chess? 

3.  Name  any  animal. 

Buonomano  reports  that  approximately  20%  of  all  people  name  a zebra  in 
response  to  the  third  question  and  about  50%  name  an  animal  from  Africa, 
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yet  very  few  people  give  these  answers  when  they  do  not  answer  the  first 
two  questions  immediately  before  answering  the  third,  it  seems  that  by 
thinking  about  Africa  and  then  the  colors  black  and  white,  zebra  is  more 
available  in  memory  than  when  people  are  not  asked  these  questions.  Later 
in  this  book,  1 present  several  decision-making  heuristics  or  rules  of  thumb 
that  people  use  when  faced  with  decisions.  Many  of  these  heuristics  are 
based  on  the  idea  that  memory  is  associative,  and  when  one  concept  is 
activated,  other  concepts  related  to  it  are  also  activated  at  the  same  time, 
and  it  is  these  associations  that  often  influence  the  way  people  make  deci- 
sions or  solve  problems. 


What  We  Believe  about  Memory  is  (Mostly)  Wrong 


Thought  and  memory  are  closely  related,  for  thought  relies  heavily  on 
the  experiences  of  life. 

— Donald  Norman  (1988,  p.  115) 


Table  2.1:  Use  the  rating  scale  to  indicate  the  truth  about  each  of  the  state- 
ments about  memory.  Items  excerpted  from  Simons  and  Chabris  (201 1). 


Strongly 

agree 

Mostly 

agree 

Mostly 

disagree 

Strongly 

disagree 

Don't 

know 

Memory  works  like  a 
camera,  accurately 
recording  the  events  we 
see  and  hear. 

People  generally  notice 
when  something 
unexpected  enters  their 
field  of  view. 

Once  you  have  a memory 
of  an  event,  that  memory 
does  not  change. 

The  testimony  of  a 
confident  eye  witness  is 
enough  to  convict 
someone  of  a crime. 
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What  do  most  people  believe  about  memory?  Simons  and  Chabris  (2011) 
asked  a representative  sample  of  people  in  the  United  States  several  ques- 
tions about  how  memory  works  and  compared  their  responses  to  those  of 
memory  experts.  Let's  see  how  you  do: 

How  did  you  do?  if  you  responded  like  most  people,  you  mostly  or 
strongly  agree  with  each  of  these  four  statements  about  memory.  Memory 
experts,  who  study  memory  processes,  disagree  with  all  of  these  state- 
ments (except  for  19  percent  who  "mostly  agree"  with  the  second  state- 
ment). in  fact,  we  can  be  quite  confident  about  events  that  never 
occurred,  and  our  memories  change  over  time.  Perhaps,  most  surprisingly, 
we  often  fail  to  even  see  strange  and  unexpected  events  happening  right 
before  our  eyes. 


Change  Blindness  Blindness 

Would  you  notice  if  the  person  you  were  talking  to  suddenly  changed  into 
another  person?  Surely  you  would  notice,  wouldn't  you?  Yet,  in  a series  of 
studies  in  which  someone  was  giving  directions  to  a stranger  who  was  mo- 
mentarily not  visible  when  a large  object  passed  between  them  and  was 
then  replaced  with  another  person,  50%  of  the  people  giving  directions 
never  noticed  the  change  in  the  person  they  were  talking  to  (Simons  & 
Levine,  1998).  This  experimental  paradigm,  which  was  first  used  to  study 
change  blindness,  is  shown  in  Figure  2.2. 

Change  blindness  is  so  counterintuitive  that  few  people  are  willing  to  be- 
lieve that  they  would  miss  an  unusual  event  that  occurred  "right  before 
their  eyes."  The  phenomenon  of  people  rejecting  (being  blind  to)  the  idea 
that  they  actually  miss  major  events  in  their  environment  is  called  change 
blindness  blindness  (Scholl,  Simons,  & Levin,  2004).  The  best  way  to 
convince  yourself  that  you  would  miss  many  major  events  in  the  environ- 
ment is  to  try  out  a few  of  the  demonstrations  that  are  available  on  the 
internet.  1 recommend  the  videos  posted  on  the  SimonLab  web  site,  which 
is  run  by  Daniel  Simons  at  the  University  of  Illinois,  Champaign-Urbana 
(http://www.simonslab.com/index.html).  After  a few  trials,  you  should  be 
convinced  that  you  can  miss  seemingly  important  and  unusual  events  that 
occur  right  before  your  eyes. 
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Figure  2.2  In  the  first  scene  (a),  the  younger  man  is  asking  the  older  one  for  directions. 
As  they  are  talking,  a large  object  passes  between  them  (b),  and  the  younger  man  is 
replaced  with  a different  person  (c).  The  two  people  who  gave  directions  are  shown  in 
the  last  scene  (d).  Like  most  people,  this  older  man  did  not  notice  that  the  person  to 
whom  he  was  giving  directions  changed  in  the  middle  of  their  conversation.  (Images 
from  Simons  and  Levin,  1998,  page  646.  © 2011  Simons,  Chabris.  This  is  an  open- 
access  article  distributed  under  the  terms  of  the  Creative  Commons  Attribution  License, 
which  permits  unrestricted  use,  distribution,  and  reproduction  in  any  medium,  provided 
the  original  author  and  source  are  credited.) 


Memory  without  Awareness 

Few  judges  are  psychologists,  or  they  would  realize  that  nothing  can 
be  stricken  out  of  a human  consciousness  after  being  one  let  in.  Judges 
seem  to  be  quite  unaware  that  it  is  a hard  task  to  put  anything  into  the 
average  mind  and,  once  in,  an  impossible  one  to  take  it  out. 

— Clarence  Darrow  (1932,  p.  145) 

One  kind  of  memory  that  has  fascinated  many  psychologists  during  the 
last  decade  is  memory  for  information  that  we  do  not  know  we  know.  It  is 
hard  to  understand  how  something  that  we  do  not  know  we  know  could 
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be  called  memory,  so  an  example  should  help.  Suppose  that  1 write  a two- 
word  phrase  in  such  small  type  that  you  could  not  read  it 
If  1 asked  you  to  recall  the  phrase,  you  would  say  that  you  never  saw  it 
or  it  was  so  small  you  could  not  read  it.  What  if  1 devised  a task  that 
demonstrated  that,  in  fact,  you  did  have  some  memory  for  that  two- 
word  phrase,  even  though  you  had  no  conscious  knowledge  of  ever  read- 
ing it.  The  memory  test  for  unconscious  memory  could  be  a word 
fragment  task,  where  you  fill  in  the  blanks  to  form  a two-word  phrase, 

for  example, s _ s _ pp e.  If  you  filled  in  the  blanks  to  read  “just 

suppose,"  and  1 found  that  none  or  very  few  people  who  had  not  been 
exposed  to  this  two-word  phrase  in  small  print  could  fill  in  the  blanks, 
then  1 would  have  evidence  for  memory  without  conscious  knowledge. 
The  words  "just  suppose"  appeared  earlier  on  this  page,  and  even  if  you 
had  no  conscious  memory  that  you  just  read  these  words,  if  you  com- 
pleted the  blanks,  it  affected  your  memory  without  awareness.  In  fact, 
there  is  good  evidence  for  just  such  a memory  system.  Because  it  is  a 
memory  that  we  cannot  access  by  the  usual  methods  of  responding,  it  is 
called  implicit  memory  (McCabe,  Roediger,  & Karpicke,  2011). 

Can  unconscious  memories  influence  how  we  think?  it  seems  that  they  can. 
For  example,  if  you  see  the  name  of  some  unknown  person  but  you  have  no 
conscious  memory  of  seeing  that  name,  you  are  more  likely  to  judge  that  it 
is  the  name  of  a famous  person  when  you  encounter  it  at  a later  time  than 
if  you  had  not  previously  been  exposed  to  the  name  (Seamon  et  al.,  1995). 
it  seems  that  stimuli  that  reside  in  a memory  system  that  you  have  no  con- 
scious knowledge  of  “feel  familiar"  even  though  you  do  not  know  why. 
Memories  “feel"  different  from  new  information,  and  we  use  these  feelings 
about  what  we  remember  as  a basis  for  judgments,  without  knowing  that 
familiarity  is  causing  us  to  make  the  judgments  that  we  do. 

You  may  be  wondering  about  the  relationship  between  critical  thinking  and 
unconscious  memory,  if  we  are  not  aware  of  our  unconscious  memories, 
how  can  we  use  this  information  to  improve  thinking?  Although  by  defini- 
tion we  can  never  know  about  unconscious  memories  and  the  way  they  af- 
fect how  we  think  and  act,  we  can  consider  how  recent  memories  and 
stereotypes  could  be  affecting  us.  For  example,  you  may  believe  that  you  are 
a rugged  individualist,  someone  who  is  not  easily  swayed  by  the  actions  of 
others.  Yet,  when  people  follow  others  at  a buffet  line,  they  tend  to  take  por- 
tions that  mimic  the  serving  taken  by  the  person  in  front  of  them,  and  it  is 
very  likely  that  you  would  also  (Wansink,  2012).  it  seems  that  in  our  day-to- 
day  interactions,  multiple  encounters  with  words  and  people  in  our 
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environment  influence  us  in  ways  that  most  of  us  find  hard  to  believe.  Ev- 
eryone can  adopt  a more  mindful  approach  to  decisions,  judgments,  and 
actions. 


The  Illusion  of  Truth 

Some  stories  are  true  that  never  happened. 

— Elie  Weisel  (Nobel  laureate,  b.  1928) 

What  would  happen  if  1 told  you  a lie,  and  you  have  no  conscious  memory 
that  1 told  you  this  lie?  Here's  one  possibility:  Did  you  know  that  the  presi- 
dent of  your  college  was  caught  shoplifting  at  Sears?  Sure,  this  is  a lie,  1 do 
not  know  anything  about  the  president  of  your  college,  in  fact,  1 do  not 
really  know  you,  and  you  may  never  have  attended  college.  Let's  further 
suppose  that  you  are  a college  student  and  that  you  forgot  that  1 told  you 
this  lie,  and  sometime  later  you  hear  that  there  was  a crime  on  campus  and 
the  president  of  your  university  is  a possible  suspect.  It  seems  that  the  in- 
formation linking  the  president  and  crime  will  "feel  familiar,"  and  even 
though  you  do  not  recall  where  you  heard  it  before,  you  would  be  more 
likely  to  judge  the  statement  that  your  president  committed  a crime  as  the 
truth  than  if  1 had  not  previously  told  you  the  lie  that  she  was  caught  shop- 
lifting at  Sears.  Can  you  see  why  this  phenomenon  is  called  the  "illusion 
of  truth?"  Information  that  was  encountered  previously,  even  if  at  the 
time  you  knew  it  might  be  a lie,  makes  it  more  likely  that  you  will  believe 
the  information  when  it  is  encountered  a second  time  than  if  you  had  not 
been  told  the  original  lie  (Moons,  Mackle,  & Garcia-Marques,  2009).  In 
fact,  repeatedly  remembering  something  can  have  the  same  effect — with 
repeated  remembering,  people  judge  that  memory  to  be  more  truthful 
(Ozubko  & Fugelsang,  2011). 

So  what  should  1 do  if  1 want  to  influence  how  you  evaluate  information — 
if  1 want  you  to  believe  my  lie?  1 could  repeat  the  information  that  1 want 
you  to  believe  several  times  and  then  allow  some  time  to  pass  so  that  you 
do  not  recall  where  you  heard  it.  When  you  hear  the  information  at  some 
time  in  the  future,  it  will  seem  familiar,  so  you  will  be  more  likely  to  as- 
sume it  is  true.  (It  would  have  a "familiar  ring"  to  it.)  Based  on  the  illusion 
of  truth,  can  you  understand  why  rumors  are  effective,  even  when  they  are 
known  to  be  lies?  Have  you  ever  heard  the  expression,  "there  is  no  such 
thing  as  bad  publicity?"  It  seems  that  people  often  forget  exactly  what  they 
heard,  but  when  they  encounter  a person's  name  for  a second  (or  more) 
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time,  the  name  seems  familiar.  We  tend  to  interpret  this  feeling  of  familiar- 
ity in  a way  that  gives  it  meaning. 

As  you  might  guess,  politicians  (or  at  least  members  of  their  staff)  are  well 
aware  of  the  illusion  of  truth.  Suppose  that  you  were  running  for  office  and 
wanted  voters  to  remember  bad  things  about  your  opponent.  Easy — ^you 
could  repeat  something  your  opponent  said  out  of  context  or  even  distort 
what  your  opponent  said  in  the  belief  that  voters  will  forget  where  they 
heard  it,  but  they  will  remember  what  they  heard.  Here  are  two  real  life 
examples.  During  the  primary  elections  for  U.S.  President  in  2012,  the  Re- 
publican candidate  (Mitt  Romney)  ran  an  ad  against  the  incumbent  Demo- 
cratic president,  Barack  Obama.  According  to  reports  in  the  New  York 
Times  (Shear,  2011)  and  CNN,  this  candidate  repeatedly  televised  a portion 
of  a speech  by  Obama  in  which  Obama  declared,  "If  we  keep  talking  about 
the  economy,  we're  going  to  lose."  It  is  true  that  Obama  said  these  words, 
but  he  was  quoting  from  another  Republican  candidate's  campaign.  (The 
ad  is  available  on  YouTube.)  Mr.  Obama's  allies  attacked  the  ad  as  being 
deceitful  and  dishonest,  but  the  reality  is  that  more  people  will  remember 
that  Obama  said  these  words  than  people  who  know  (or  remember)  that  he 
was  actually  quoting  an  opponent. 

These  tactics  are  used  on  all  sides  of  virtually  every  political  campaign.  Ac- 
cording to  FactCheck.org,  a nonpartisan  project  by  a school  of  public  pol- 
icy, Obama  ran  an  advertisement  during  the  heated  race  for  U.S.  presidency 
in  2012  in  which  a grieving  widower  says  that  his  wife  "contracted  cancer 
and  died  a short  time  after  Mitt  Romney  closed  the  steel  plant  that  em- 
ployed him  and  left  'my  family'  without  coverage"  (2012).  The  indepen- 
dent analysis  concluded  that  while  Romney  played  a role  in  closing  the 
plant  and  that  people  with  health  care  often  live  longer  than  those  without 
it,  the  link  between  Romney  and  the  death  of  this  woman  is  incredibly 
weak.  The  ad  goes  on  to  say  that  Romney  was  not  concerned  about  "what 
he  has  done,"  which  people  remember  as  Romney  was  not  concerned 
about  the  death  of  this  woman.  But  even  when  the  facts  are  made  clear, 
what  gets  remembered  is  the  original  message  rather  than  the  fact  that 
Romney  was  not  responsible  for  her  death  and  that  we  have  no  idea  how 
he  feels  about  it. 

What  can  critical  thinkers  do  to  protect  themselves  from  believing  things 
that  are  not  true,  but  come  to  feel  that  they  are  through  repetition?  Again, 
the  best  defense  is  a mindful  scrutiny  of  questionable  opinions.  If  in  doubt, 
check  it  out.  A little  research  can  show  who  made  any  particular  claim. 
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whether  it  was  in  a reputable  source,  and  whether  there  were  motives  to 
get  you  to  believe  something  that  is  not  true.  Careful  research  and  vigi- 
lance are  the  best  protections. 


Classical  Conditioning 

Another  kind  of  memory  without  awareness  is  the  result  of  classical  condi- 
tioning. If  you  have  taken  an  introductory  class  in  psychology,  then  you 
probably  learned  about  the  pioneering  work  of  Ivan  Pavlov.  He  was  able  to 
get  dogs  to  salivate  to  the  sound  of  a bell  by  repeatedly  pairing  the  sound 
of  bell  with  the  presentation  of  food.  In  human  terms,  that  is  like  getting 
you  to  respond  to  the  sound  of  a bell  in  much  the  same  way  that  you 
would  respond  to  the  sight  and  smell  of  a thick,  juicy  steak  sizzling  on  a 
grill.  (If  you  are  a vegetarian,  then  think  of  a juicy  veggie  burger  or  what- 
ever the  appropriate  mount-watering  meal  is  for  you.)  Classical  condition- 
ing can  occur  without  conscious  awareness,  and  clever  propagandists  have 
used  this  technique  to  influence  how  people  think. 

There  is  a striking  example  of  the  use  of  classical  conditioning  to  influence 
thoughts  and  actions  on  display  at  the  Museum  of  Tolerance  in  Los  Ange- 
les, California,  which  is  a museum  that  is  dedicated  to  documenting  and 
explaining  the  origins  and  consequences  of  prejudice  and  intolerance.  In 
one  display,  old  movies  that  were  shown  in  Nazi  Germany  depict  the  re- 
peated pairing  of  revolting  scenes  of  rats  streaming  out  of  sewers  and  run- 
ning over  garbage  and  other  waste.  Virtually  everyone  responds  with 
disgust  to  these  repulsive  scenes.  Exaggerated  pictures  of  Jews  were  flashed 
onto  the  screen  so  that  the  long  noses  of  the  disgusting  rats  are  superim- 
posed over  the  exaggerated  facial  features  of  Jews.  It  does  not  take  long 
before  the  facial  features  evoke  feelings  of  disgust,  which  were  learned 
through  the  repeated  pairing  of  the  repulsive  rat  scenes  and  the  faces.  For 
people  who  viewed  these  movies,  the  feeling  of  disgust  can  be  elicited  at 
some  time  later  when  similar  facial  features  are  encountered,  without  the 
viewer  ever  being  aware  of  where  or  how  this  association  was  learned.  This 
is  a powerful  and  frightening  example  of  the  way  memory  without  aware- 
ness can  support  a conscious  program  of  prejudice  and  discrimination.  As 
the  learner  (viewer  of  the  films),  you  would  attribute  the  feeling  of  disgust 
to  some  other  reason  or  source,  a fact  that  makes  its  effect  so  pernicious. 

In  one  of  the  controversies  that  erupted  during  the  presidential  match  be- 
tween A1  Gore  and  George  W.  Bush,  two  candidates  for  president  of  the 
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Figure  2.3  A reproduction  of  the  television  screen  that  was  used  during  an  anti-Gore 
commercial  during  the  presidential  campaign  in  2000.  (From  http://political.adcritic.com) 


United  States  in  2000,  a controversial  television  advertisement  criticized 
Gore's  health  plan  as  a plan  that  would  be  run  by  "bureaucrats."  There  is 
nothing  unusual  in  this  because  name-calling  is  a common  political  tech- 
nique used  to  persuade  voters  not  to  vote  for  the  other  candidate.  What 
was  unusual  in  this  advertisement  was  that  the  word  "RATS"  was  briefly 
flashed  on  the  television  screen  as  the  announcer  said  the  word  "bureau- 
crats." This  advertisement  can  be  seen  on  the  internet  at  a site  that  is  main- 
tained by  "Political  Ad  Critic,"  (http://political.adcritic.com).  The  television 
screen  is  reproduced  in  Figure  2.3.  In  thinking  about  the  effect  of  this  ad- 
vertisement, remember  that  the  word  "RATS"  was  flashed  very  quickly.  I do 
not  know  what  the  intent  of  the  advertising  agency  was,  although  I can 
guess  at  their  intent.  George  W.  Bush  claimed  that  he  had  no  knowledge  of 
the  advertisement. 

Does  flashing  the  word  "RATS"  on  the  television  screen  so  quickly  that  no 
one  would  be  consciously  aware  of  it  really  have  any  effect  on  how  viewers 
think  and  feel?  A stimulus  that  is  flashed  too  quickly  to  be  recognized  is 
called  "subliminal,"  which  means  that  it  was  not  registered  consciously. 
Two  political  psychologists  investigated  this  question.  Weinberger  and 
Westen  (2008)  conducted  several  studies  with  subliminal  stimuli.  In  one 
study,  one  of  the  following  was  flashed  very  quickly  on  a screen — RATS, 
STAR,  ARAB,  and  XXX.  It  was  immediately  followed  by  a photo  of  an  un- 
known man  who  was  supposedly  a politician.  (The  other  stimuli  were  used 
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as  controls.)  The  participants  then  rated  the  politician  along  several  dimen- 
sions including  competence,  honesty,  positive  feelings,  and  disgust,  among 
other  ratings.  They  found  that  when  the  word  "RATS"  was  flashed  before 
the  photo  was  shown,  the  participants  rated  the  politician  more  negatively 
than  in  the  other  conditions.  Their  conclusion,  which  was  based  on  other 
studies  as  well,  was  that  a negative  subliminal  message  can  make  viewers 
feel  more  negative  about  a stimulus  that  follows  it.  it  seems  that  without 
our  awareness,  negative  affect  can  be  activated  from  memory,  and  this 
negative  affect  spills  over  to  other  stimuli  that  appear  near  it  in  time.  We 
do  not  know  how  long  this  effect  lasts  or  whether  it  actually  influences 
behavior  like  how  people  vote,  but  it  is  a powerful  demonstration  of  how 
feelings  can  be  activated  without  our  conscious  awareness. 

Varieties  of  Memory 

The  two  offices  of  memory  are  collection  and  distribution. 

— Samuel  Johnson  (1759) 

The  goal  of  good  remembering  is  to  learn  information  that  may  be  useful 
in  the  future  and  to  learn  it  in  a way  that  makes  it  likely  to  be  recalled 
when  it  is  needed.  By  gaining  some  insight  into  the  way  memory  works, 
you  should  be  able  to  use  this  knowledge  to  improve  your  ability  to 
remember. 

in  the  first  chapter,  i provided  a working  definition  for  "critical  thinking" 
and  earlier  in  this  chapter  for  the  more  general  term  "thinking."  A key  idea 
is  that  thinking  is  the  manipulation  or  transformation  of  some  internal 
representation.  Our  internal  representations  are  manipulated  or  trans- 
formed in  symbolic  ways,  so  that  the  knowledge  we  have  can  be  used  to 
solve  problems  and  make  decisions.  Notice  that  1 use  the  term  "knowledge" 
whenever  1 refer  to  an  internal  representation.  Information  exists  in  the 
world.  When  we  learn  information — that  is,  incorporate  it  into  our  existing 
mental  structures,  and  it  becomes  meaningful — it  becomes  knowledge. 
When  we  think,  we  use  our  knowledge  to  accomplish  some  goal.  When  we 
think  in  deliberate  ways  that  increase  the  probability  of  obtaining  that 
goal,  we  are  engaging  in  critical  thinking. 

Memory  is  not  a single  process,  it  is  a series  of  processes  or  systems,  each 
of  which  has  its  own  operating  principles,  in  general,  memory  is  divided 
into  three  parts.  The  first  part  is  called  sensory  memory  because  it  is 
closely  tied  to  the  sensory  processes  like  seeing,  hearing,  and  touching. 
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This  memory  system  will  not  be  considered  here  because  there  is  little 
that  we  can  do  to  improve  sensory  memory.  The  second  part  is  called 
working  memory  because  it  represents  the  "place"  and  processes  that 
are  used  when  we  think  ("work  on")  information.  The  third  part  is 
long-term  memory  because  it  represents  the  retention  (storage)  of 
memories  over  longer  periods  of  time.  Memories  that  are  more  than  30 
seconds  old  (not  very  long  really)  and  those  that  last  up  to  a lifetime  are 
stored  here. 


Working  Memory 

A common  theme  among  researchers  who  study  memory  is  that  memory 
has  a limited  capacity;  that  is,  we  cannot  remember  everything  that  we 
would  like.  Nor  can  we  keep  too  many  different  "pieces"  of  information  in 
an  active  form  in  memory  so  that  we  can  use  them  all  simultaneously.  If  1 
asked  you  to  recite  the  alphabet  backwards  while  solving  calculus  prob- 
lems, you  would  object  because  there  is  simply  not  enough  "space"  or  "ef- 
fort" or  whatever  term  you  want  to  use  to  execute  these  two  tasks 
simultaneously,  although  either  one  alone  can  be  performed.  The  cognitive 
resources  that  are  used  to  execute  mental  operations  and  to  remember  the 
outcomes  of  these  processes  are  available  only  in  a limited  supply.  The 
"place"  where  conscious  thought  occurs  is  called  working  memory  be- 
cause it  is  the  hypothetical  space  where  we  perform  the  work  of  thinking. 
One  goal  of  an  efficient  cognitive  system  is  to  make  the  work  of  thinking 
easier  or,  metaphorically,  to  reduce  the  amount  of  space  or  effort  needed  in 
working  memory. 

Based  on  what  we  know  about  how  our  memory  works  and  what  we  are 
likely  to  forget,  we  make  decisions  about  how  to  spend  the  limited  re- 
sources of  working  memory.  One  of  these  decisions  is  to  use  external  aids. 
For  example,  instead  of  trying  to  remember  my  shopping  list,  1 write  it 
down.  1 know  that  it  is  not  worth  the  mental  effort  of  committing  this  list 
to  memory  and  that  1 cannot  keep  more  than  five  to  nine  "pieces"  of  in- 
formation (or  perhaps  even  fewer — three  or  four  according  to  some  re- 
searchers; Cowan  2005)  in  my  thoughts  at  the  same  time.  We  also 
categorize  information  to  reduce  the  load  on  memory.  1 could  remember  to 
buy  "stuff"  for  the  dog  (dog  food,  biscuits,  flea  powder)  and  "stuff"  for  the 
kids'  lunches  (sandwich  makings,  apples,  lunch  bags),  etc.  This  strategy 
would  reduce  the  number  of  items  that  1 would  have  to  recall  and  make 
forgetting  less  likely. 
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Another  way  we  manage  our  memory  is  by  making  decisions  about  what 
information  we  need  to  use  and  how  much  mental  effort  to  "spend"  on  a 
particular  task.  For  example,  suppose  that  you  had  to  make  a decision  con- 
cerning a complex  issue.  You  could  decide  to  omit  technical  information 
that  is  difficult  to  understand,  and  therefore  uses  a great  deal  of  working 
memory.  Unfortunately,  you  could  also  reduce  the  mental  workload  by 
seeking  simple  explanations  for  complex  issues  such  as  crime  (it's  caused 
by  unemployment),  truancy  (it's  caused  by  bad  parents),  or  economic 
down-turns  that  increased  unemployment  in  some  groups  (it's  caused  by 
some  minority  group  that  is  different  from  you).  These  simple  purported 
causes  for  difficult  problems  help  to  reduce  the  amount  of  information  that 
is  used  to  reach  a conclusion,  but  they  are  also  a detriment  to  good  think- 
ing because  complex  problems  do  not  have  simple,  single  causes. 


Long-Term  Memory 

Just  as  there  are  different  processes  in  working  memory,  there  are  differ- 
ences among  the  kinds  of  memories  we  store  for  a longer  time.  For  exam- 
ple, memory  operates  differently  when  you  learn  a motor  skill  like  skiing 
than  it  does  when  you  study  for  a history  test.  Therefore,  you  would  not 
use  the  same  methods  to  learn  to  ski  as  you  would  to  learn  about  an  event 
in  history.  Similarly,  what  you  do  during  the  retention  interval  and  at  recall 
is  different.  The  length  of  the  retention  interval  also  governs  what  and  how 
you  learn  and  recall.  If  you  had  to  remember  the  date  for  the  end  of  World 
War  11  for  only  five  seconds,  you  would  engage  in  different  remembering 
activities  during  the  retention  interval  than  if  you  had  to  remember  it  for 
five  months.  What  you  already  know  about  skiing  or  history  is  also  an 
important  determinant  of  the  way  in  which  you  go  about  adding  to  that 
knowledge.  Similarly,  the  complexity  of  the  information  and  the  context 
in  which  you  learn  and  remember  also  play  a role  in  the  selection  of  the 
best  strategies  for  learning  and  remembering.  Intuitively,  we  all  know 
about  some  of  these  differences,  but  an  improved  understanding  of  the 
operating  principles  of  memory  should  help  to  use  it  more  efficiently. 

Perhaps  another  analogy  would  be  useful  at  this  point  because  the  concept 
of  memory  systems  is  so  abstract.  Think  about  the  many  interrelated  com- 
ponents in  an  automobile  engine.  If  you  understand  that  pumping  too 
much  gas  into  a stalled  car  can  "flood"  the  engine,  then  you  can  avoid  this 
problem.  Similarly,  if  you  understand  that  the  battery  can  lose  its  charge  if 
you  run  the  heater,  lights,  and  radio  for  a long  time  when  the  motor  is  off. 
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you  can  also  use  this  knowledge  to  avoid  the  problem  of  a dead  battery. 
The  many  systems  of  memory  also  have  operating  rules,  and  if  you  acquire, 
retain,  and  recall  information  with  these  rules  in  mind,  you  should  be  a 
better  driver  of  your  own  memory  system. 

Here  are  some  of  the  distinctions  that  have  been  made  to  differentiate  be- 
tween memory  systems:  Episodic  memory  is  the  memory  we  have  for 
events  in  which  we  can  recall  our  own  participation — ^when  and  where  we 
learned  them  (Tulving,  2002).  Examples  of  episodic  memory  include  re- 
membering where  you  spent  your  1 7th  birthday,  recalling  the  plot  from  a 
movie  you  saw  last  week,  and  remembering  the  day  you  graduated  from 
high  school.  This  sort  of  memory  is  fairly  easy  to  acquire  because  it  seems 
to  happen  without  much  effort  on  your  part.  Semantic  memory  is  the 
memory  that  we  have  for  facts  like  the  multiplication  table  and  word 
meanings.  You  probably  cannot  remember  where  and  when  you  learned 
that  7 X 9 = 63  or  the  definition  of  "chauvinist  pig,"  but  these  are  parts  of 
your  memory  system.  You  probably  can  recall  all  of  the  trouble  you  had 
learning  the  multiplication  tables,  it  is  easy  to  talk  about  the  knowledge 
contained  in  episodic  and  semantic  memory.  For  this  reason,  these  two 
systems  are  part  of  a larger  grouping  in  memory  that  is  called  declarative 
memory. 

Motor  memory,  as  you  might  expect,  pertains  to  remembering  motor 
skills.  Let's  suppose  that  you  are  an  excellent  outfielder  in  baseball.  You  can 
get  your  glove  to  the  place  where  the  ball  is  going  and  throw  it  in  the  right 
direction  within  fractions  of  a second.  This  is  certainly  an  impressive  skill, 
but  it  is  very  difficult  to  verbalize  exactly  how  you  do  it.  You  are  able  to  call 
on  your  knowledge  when  it  is  needed,  but  can't  exactly  say  what  it  is  that 
you  do.  if  you  wanted  to  teach  me  to  be  a great  outfielder  (lots  of  luck),  you 
could  not  just  tell  me  what  you  do.  it  would  be  of  little  use  for  you  to  de- 
scribe your  activities,  "1  catch  the  ball  instead  of  missing  it,  then  throw  it 
where  it  is  most  needed,  instead  of  somewhere  else."  On  the  other  hand,  if 
you  wanted  to  teach  me  the  multiplication  tables,  you  could  do  that  in 
words. 

Procedural  memory,  or  remembering  how  to  do  something,  shares 
some  features  with  motor  memory.  The  difference  is  that  the  procedure 
does  not  necessarily  have  to  involve  motor  skills.  For  example,  if  you  are  as 
old  as  1 am  (unlikely),  then  you  once  learned  how  to  use  a slide  rule.  (For 
those  of  you  who  grew  up  in  the  age  of  cheap  and  efficient  calculators,  a 
slide  rule  is  a device  that  looks  like  a ruler  and  can  be  used  to  perform 
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mathematical  calculations.)  This  is  a kind  of  "knowing  how"  that  is  often 
differentiated  from  declarative  tasks  that  involve  "knowing  that." 

Another  way  of  dividing  memory  depends  on  how  hard  you  have  to 
"work"  in  order  to  remember.  This  distinction  is  between  automatic  and 
effortful  memory.  How  many  movies  have  you  seen  in  the  last  two 
months?  Even  avid  movie-goers  can  almost  always  answer  this  question 
(Hasher  & Zacks,  1984).  Frequency  information  is  one  type  of  learning  and 
remembering  that  occurs  fairly  automatically;  that  is,  with  little  conscious 
awareness  or  practice  (Balota,  Pilotti,  & Cortese,  2001).  For  this  reason,  it  is 
often  called  automatic  memory.  By  contrast,  suppose  that  you  need  to 
remember  a series  of  dates  for  a history  exam.  Unfortunately,  this  sort  of 
information  will  require  that  you  work  at  remembering — most  probably 
you  would  repeat  the  dates  until  you  could  recite  them  without  looking. 
This  is  an  example  of  effortful  memory.  Some  types  of  memory  will  re- 
quire hard  work,  others  will  be  easy,  but  with  repeated  practice  and  the 
acquisition  of  additional  information,  effortful  processing  will  become 
more  automatic.  Perhaps  one  way  of  thinking  about  education  is  that  it 
makes  hard  "things"  easy.  Experts  in  any  area — history  buffs,  computer 
programmers,  skilled  athletes — have  all  done  the  hard  work  of  learning  and 
now  make  "it  look  so  easy,"  so  automatic. 

Memory  can  also  be  categorized  by  the  type  of  recall  task  that  will  be  per- 
formed. If  you  have  to  recognize  the  correct  response,  you  will  need  less 
effort  at  acquisition  than  if  you  actually  have  to  generate  the  response 
with  few  cues.  Students  frequently  tell  me  that  they  study  differently 
when  they  are  expecting  a multiple-choice  test  (recognition)  than  an  essay 
test  (recall  with  few  cues).  When  preparing  for  a test,  students  engage  in 
intentional  learning  activities  and  do  something  to  help  them  remem- 
ber the  material.  Teaming  that  occurs  without  deliberate  effort  is  called 
incidental.  For  example,  your  memory  for  the  plot  of  a television  sitcom 
that  you  saw  last  night  is  incidental  memory.  I often  hear  from  students 
who  complain  that  they  "can't  do  math"  or  "can't  do  science"  or  "can't 
write  well."  I think  that  what  they  really  mean  is  that  the  learning  of  math 
(or  science  or  writing — we  all  have  different  skills  and  abilities)  is  effortful. 
Of  course,  with  hard  work,  they  can.  I think  that  if  they  understood  that 
some  kinds  of  learning  are  effortful  and  some  are  easy,  then  they  would 
not  be  so  quick  to  conclude  that  they  "Can't  do  it,"  when  in  fact  what  they 
need  to  do  is  exert  conscious  effort  and  do  the  hard  work  of  initial  learn- 
ing. Once  they  establish  a solid  base  of  knowledge,  later  learning  is 
easier. 
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As  you  can  see,  there  are  many  ways  to  categorize  the  multiple  processes  of 
memory.  What  you  need  to  remember  from  this  discussion  is  that  you  will 
have  to  consider  what  you  need  to  remember  and  when  and  why  you  will 
need  it,  and  what  you  already  know  about  the  topic  when  you  engage  in 
activities  that  promote  remembering.  But,  whatever  the  nature  of  the 
memory  task,  a consistent  theme  throughout  this  book  is  that  the  knowl- 
edge we  retain  in  that  amazing  organ  that  perches  on  top  of  our  spines, 
directs  the  mental  processes  that  we  call  thinking.  A strong  base  of  knowl- 
edge and  good  thinking  skills  operate  together  in  the  critical  thinker.  How- 
ever, it  is  important  to  bear  in  mind  that  while  an  excellent  memory  may 
direct  and  influence  thinking,  a head  full  of  good  facts  does  not  make 
someone  a good  thinker.  One  of  the  saddest  sights  is  someone  whose 
memory  is  an  encyclopedic  compendium  of  unintegrated  factoids.  Just  as 
great  thinking  skills  with  a head  that  contains  no  knowledge  is  worthless, 
so  is  a head  full  of  information  without  the  thinking  skills,  unless  you  as- 
pire to  be  a game-show  contestant!  Thought  and  knowledge — sounds  to  me 
like  a great  title  for  a book. 

General  Principles  to  Improve  Learning  and  Remembering 

Just  as  there  are  different  varieties  of  memory,  there  are  different  strategies 
that  can  help  us  learn  and  remember  better.  In  keeping  with  the  time  line 
presented  earlier  in  this  chapter,  general  principles  are  provided  to  help 
with  learning,  retaining  information  in  memory,  and  retrieving  the  infor- 
mation when  it  is  needed. 


Acquisition 


In  1935,  Time  Magazine  featured  the  predictions  of  Ralph  S.  Willard,  a 
Hollywood  chemist  who  claimed  to  be  able  to  freeze  monkeys  and  re- 
suscitate them.  Willard  suggested  that  this  process  could  be  used  with 
prisoners  because  it  was  cheaper  than  jail,  the  unemployed,  who  could 
be  kept  frozen  until  the  economy  produced  more  jobs,  and  even  the 
depressed,  who  could  remain  in  the  freezer  until  a cure  was  found.  By 
the  way,  it  is  clear  that  "Willard  was  a humbug"  who  disappeared  into 
science  fiction  history. 

— S.  B.  Harris  (1993,  p.  55) 

Unless  you  already  knew  this,  you  have  just  acquired  new  information.  You 
can  answer  questions  that  you  could  not  answer  a few  moments  ago.  You  are 


Thinking  Starts  Here  75 


a changed  person,  and  you  will  never  be  the  same  again.  The  knowledge  you 
have  embedded  in  memory  pertaining  to  Time  Magazine,  cryogenics  (freez- 
ing people),  and  strange  ideas  from  the  1930s  is  altered.  So  it  is  with  all  new 
information  that  causes  you  to  change  what  you  know  and  how  you  think. 

The  term  "information  explosion,"  which  refers  to  the  tremendous  increase  in 
the  amount  of  information  we  have  to  deal  with  in  contemporary  society — 
information  that  has  to  be  acquired,  retained,  and  retrieved  if  we  are  to  func- 
tion in  an  increasingly  complex  world.  The  massive  amounts  of  information 
now  available  are  mind-boggling.  There  are  tens  of  billions  of  photos  on  Face- 
book,  the  human  genome  project  involves  analyzing  3 billion  base  pairs,  the 
giant  retailer  Walmart  generates  2.5  petaytes  of  information  about  customer 
sales  (more  than  167  times  the  number  of  books  in  America's  Library  of  Con- 
gress; Cukier,  2010),  and  even  a simple  search  on  an  electronic  database  for 
information  about  memory  can  yield  hundreds  of  thousands  of  articles.  We  are 
privy  to  staggering  quantities  of  information.  Increasingly,  we  need  to  know 
how  to  find  the  information  we  need  in  a world  overloaded  with  information, 
decide  what  to  eliminate,  and  judge  which  information  is  useful  and  good. 


Strategies  that  Promote  Learning 

There  is  no  substitute  for  the  serene  pleasure  that  learning  can  bring. 

— Chizuko  Izawa  (1993,  p.  43) 

Although  there  are  many  different  kinds  of  memory  processes  and  con- 
texts, several  general  rules  have  emerged  that  can  promote  the  learning  of 
new  information.  There  is  an  old  saying  that  goes  something  like  this,  "the 
head  remembers  what  it  does."  (1  really  like  this  saying  and  use  it  a few 
times  in  this  book — remembering  that  should  help  you  remember  this 
point.)  Embarrassingly,  1 have  to  admit  that  1 don't  remember  where  1 first 
heard  it,  but  1 do  recall  the  message:  What  you  do  at  acquisition  (when  you 
are  learning  something)  is  an  important  determinant  of  what  you  will  re- 
member. Simply  put,  if  you  engage  in  activities  that  promote  learning,  you 
will  improve  your  memory. 

Pay  Attention 

One  of  the  primary  determinants  of  what  we  know  is  what  we  attend  to. 
Think  back  to  the  last  time  you  were  at  a large,  noisy  party  with  people 
standing  around  in  small  groups  talking  to  each  other.  Imagine  that  you're 
standing  with  two  acquaintances  discussing  the  weather.  There  are  several 
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small  groups  of  people  standing  nearby  who  are  also  carrying  on  conversa- 
tions. if  someone  near  you,  but  not  talking  to  you,  mentions  your  name  or 
something  of  interest  (e.g.,  "Did  you  hear  the  latest  news  about  Debbie  and 
Stanley  . . . ?"),  this  will  attract  your  attention,  if,  however,  the  same  person 
standing  at  the  same  distance  from  you,  speaking  in  the  same  voice,  is 
discussing  tree  blight,  you  probably  would  never  notice,  unless  you  have  a 
special  interest  in  tree  blight.  Think  about  what  will  happen  to  the  conver- 
sation you've  been  having  about  the  weather,  if  your  answer  is  "Not 
much,"  you're  correct.  When  you  switched  your  attention  to  the  more  in- 
teresting conversation,  you  lost  most  of  the  meaning  of  the  original  con- 
versation. if,  at  this  point,  the  person  who  has  been  talking  to  you  suddenly 
stops  and  asks,  "What  do  you  think  about  it?",  you'd  become  embarrassed 
because  you  would  have  no  knowledge  of  what  she  had  been  saying. 

Most  people  can  think  of  an  episode  where  they've  experienced  this  effect, 
it  demonstrates  several  basic  properties  of  attention. 

1.  if  you  do  not  pay  attention,  you  will  not  acquire  information.  Let's 
consider  the  scenario  a little  more  closely.  When  you  were  attend- 
ing to  the  weather  conversation,  you  knew  very  little  or  nothing 
about  the  other  conversations  around  you.  When  you  switched 
your  attention  to  the  more  interesting  conversation,  you  could  not 
say  what  was  happening  in  the  weather  conversation.  Thus,  atten- 
tion will  be  a major  factor  in  what  gets  remembered,  because  it 
determines  what  gets  into  the  human  information  system. 

2.  There  are  limitations  on  your  ability  to  process  information.  All  of  the 
conversations  going  on  around  you  are  not  processed  equally  well. 

3.  There  are  individual  differences  in  what  is  attended  to.  if  you  had 
no  interest  in  "the  latest  news  about  Debbie  and  Stanley,"  but 
found  the  weather  fascinating,  then  you  would  not  have  switched 
your  attention  and  could  have  responded  with  more  than  a sheep- 
ish grin  to  the  question,  "What  do  you  think  about  it?" 

Many  people  complain  that  they  forget  the  names  of  people  soon  after 
they've  been  introduced,  it  is  likely  that  they  never  paid  attention  to  the 
name  at  the  time  of  introduction,  if  information  is  not  acquired,  then  it 
can  never  be  remembered.  When  meeting  someone,  it  is  a good  idea  to 
repeat  the  person's  name  aloud  to  be  certain  that  you  have  heard  it  cor- 
rectly and  to  be  certain  that  you  have  paid  attention.  Saying  the  name, 
rather  than  just  hearing  it,  is  an  important  aid  for  remembering,  if  you 
cannot  say  the  name  soon  after  hearing  it,  you  can  be  sure  that  you  won't 
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remember  it  sometime  later.  You  need  to  develop  the  habit  of  monitoring 
your  attention. 

1 tried  to  explain  this  principle  to  the  manager  at  a sandwich  shop  where  1 
frequently  stop.  Often  the  order  is  wrong,  which  costs  money  and  hurts 
business.  1 suggested  that  he  have  the  people  taking  the  order  repeat  it  back 
to  the  customer  to  ensure  its  accuracy  and  to  help  the  order  taker/sandwich 
maker  remember  the  order  as  he  or  she  works  on  it.  The  manager  looked 
unimpressed  with  this  sage  advice.  It  is  unfortunate  because  this  simple 
generative  task  would  significantly  reduce  the  number  of  wrong  orders  and 
unhappy  customers. 

In  case  you're  unimpressed  with  the  rule  that  unless  you  attend  to  some- 
thing you  won't  know  it,  let's  try  a demonstration.  Most  people  will  admit 
that  they  like  money  and  have  worked  hard  to  earn  it.  In  Figure  2.4  there 
are  several  drawings  of  a U.S.  penny. 

Only  one  is  correct.  If  you're  like  most  people,  you  will  not  be  able  to  rec- 
ognize the  correct  penny  because  you  never  attended  to  its  details.  Al- 
though you  have  dealt  with  pennies  numerous  times  (if  you  are  a resident 
of  or  visitor  to  the  United  States),  you  learned  only  enough  of  the  details 
to  tell  it  apart  from  other  coins,  which  is  all  that  you  need  to  use  coins.  You 


Figure  2.4  Fifteen  drawings  of  a United  States  penny.  Which  one  is  correct?  (Reprinted 
from  Cognitive  Psychoiogy,  vol.  1 1,  Nickerson  & Adams,  "Long-term  memory  for  a com- 
mon object,"  Pages  287-307,  Copyright  (1979),  with  permission  from  Elsevier.) 
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probably  never  acquired  a detailed  memory  of  pennies.  To  find  the  "cor- 
rect" answer,  check  it  with  a real  penny,  but  be  certain  that  you  attend  to 
all  of  the  details  carefully.  The  need  to  pay  attention  in  school  should  be 
obvious.  The  skill  of  attending  is  an  important  predictor  of  the  success  that 
children  have  in  school  (Duncan  et  al.,  2007).  Think  about  how  your  mind 
sometimes  seems  to  wander  when  reading  textbooks  or  during  lectures. 
Most  students  are  not  even  aware  when  they  are  not  paying  attention,  it 
should  be  obvious  by  now  that  in  order  to  develop  better  memory  skills, 
you  will  also  have  to  develop  attentional  skills. 

Monitor  Meaning 

Comprehension  and  memory  are  closely  related  concepts  because  memory  is 
enhanced  when  the  material  is  meaningful,  and  meaningful  information  is 
retained  more  easily  than  material  that  is  low  in  meaning,  if  you  are  learning 
in  a classroom  setting,  or  from  a textbook,  or  in  some  similar  setting  where 
the  information  is  complex  prose  and  you  need  to  be  able  to  recall  it  later, 
you  need  to  monitor  how  much  and  what  you  are  understanding.  Stop  at  the 
end  of  each  section,  and  state  or  write  in  your  own  words,  without  looking 
at  the  text,  what  you  just  read.  This  is  important  because  it  provides  practice 
at  remembering,  but  you  still  need  to  practice  your  remembering  after  some 
time  has  passed  since  reading  the  text,  if  you  cannot  meaningfully  summa- 
rize each  section  just  after  reading  it,  then  you  will  not  be  able  to  summarize 
it  at  some  later  date.  You  need  to  be  aware  of  what  you  are  learning,  and  take 
action  if  you  have  "lost  it."  This  is  a concrete  way  to  check  on  your  attention, 
if  you  finished  a section  in  a text  and  have  no  idea  what  you  just  read,  you 
need  to  go  back  and  attend  to  the  content.  Additional  suggestions  for  moni- 
toring meaning  are  given  later  in  this  chapter  in  the  section  on  metamemory 
and  in  the  next  chapter  where  questioning  strategies  are  presented. 

Stop  now,  cover  this  section  of  your  book  and  say  aloud  or  write  out  in  two 
or  three  sentences  what  this  section  on  memory  is  conveying,  if  you  can- 
not paraphrase  what  you  just  read  now,  then  you  cannot  recall  it  later. 


Welcome  back!  How  did  you  do?  if  you  could  not  paraphrase  what  you  just 
read,  be  sure  to  go  back  and  reread,  taking  notes  as  needed,  to  keep  the 
information  in  memory. 

To  demonstrate  the  powerful  influence  of  meaning  on  memory,  look  at  A, 
B,  and  C in  Figure  2.5  for  a few  seconds,  then  cover  the  figures  and  repro- 
duce them  from  memory.  Try  this  now. 


Thinking  Starts  Here  79 


A 


Figure  2.5  A demonstration  of  the  effect  of  meaningfulness  on  memory.  Look  at  these 
figures  for  a few  seconds,  then  cover  them  and  reproduce  them  from  memory.  (Figures 
A and  B are  adapted  from  Osgood,  1953.  Figure  C is  adapted  from  Hanson,  1958). 


You  probably  remembered  some  parts  of  the  figures  shown  in  Figure  2.5,  but 
didn't  remember  them  perfectly.  Suppose  i now  tell  you  that  Figure  2.5A  is 
a soldier  walking  his  dog  behind  a picket  fence  (Do  you  see  the  dog's  tail  and 
the  end  of  the  soldier's  rifle?),  and  that  Figure  2.5B  is  a washerwoman  scrub- 
bing the  floor  (Do  you  see  her  water  bucket  and  the  bottoms  of  her  shoes?), 
if  you  recognized  Figure  2.5C  as  a bear  behind  a tree,  then  you  drew  it  more 
accurately  than  if  it  seemed  more  like  abstract  art.  Making  the  figures  mean- 
ingful will  enhance  how  well  they  are  remembered. 

Your  elementary  school  teachers  recognized  the  role  that  meaning  plays  in 
memory  when  they  told  you  to  "read  for  meaning."  We  can  add  meaning 
to  information  by  elaborating  on  it.  For  example,  when  you  are  learning 
something,  try  to  relate  it  to  something  that  you  already  know  (Connor- 
Greene,  2000).  in  a clever  demonstration  of  the  principle  that  anything  that 
improves  comprehension  will  improve  memory,  psychologists  (Bransford  & 
Johnson,  1972)  presented  college  students  with  the  following  passage  to 
read.  Read  it  for  yourself  and  then  see  how  much  you  can  remember. 

The  procedure  is  actually  quite  simple.  First  you  arrange  things  into 

different  groups  depending  on  their  makeup.  Of  course,  one  pile  may 
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be  sufficient  depending  on  how  much  there  is  to  do.  If  you  have  to  go 
somewhere  else  due  to  lack  of  facilities  that  is  the  next  step,  otherwise 
you  are  pretty  well  set.  It  is  important  not  to  overdo  any  particular 
endeavor.  That  is,  it  is  better  to  do  too  few  things  at  once  than  too 
many.  In  the  short  run  this  may  not  seem  important,  but  complica- 
tions from  doing  too  many  can  easily  arise.  A mistake  can  be  expensive 
as  well.  The  manipulation  of  the  appropriate  mechanisms  should  be 
self-explanatory,  and  we  need  not  dwell  on  it  here.  At  first  the  whole 
procedure  will  seem  complicated.  Soon,  however,  it  will  become  just 
another  facet  of  life.  It  is  difficult  to  foresee  any  end  to  the  necessity  for 
this  task  in  the  immediate  future,  but  then  one  never  can  tell.  (p.  722) 

You  probably  did  not  remember  very  much  of  this  passage.  I also  doubt 
that  you  found  it  very  understandable. 

Read  the  passage  again,  this  time  keeping  the  title  “Washing  Clothes"  in 
mind.  It  should  seem  much  more  memorable  because  the  title  provided  a 
context  or  a framework  for  understanding  the  passage.  When  information 
is  provided  before  a person  reads  a text  or  learns  about  a topic,  the  reader 
is  better  able  to  assimilate  the  incoming  information.  The  advance 
organizers — the  preliminary  information — act  as  a guide  or  framework 
that  helps  the  learner  to  anticipate  information  and  to  relate  it  to  other 
topics.  This  is  the  rationale  behind  the  outlines  that  appear  at  the  begin- 
ning of  each  chapter  in  this  book. 

Distribute  Learning 

In  plain  English,  this  strategy  means,  "Don't  cram."  You  will  learn  material 
in  a way  that  is  more  resistant  to  forgetting  if  you  space  out  the  learning 
sessions.  This  seems  to  hold  true  whether  you  are  learning  a motor  skill, 
like  how  to  return  the  ball  with  a strong  back  hand  in  tennis,  the  deriva- 
tion of  chemistry  formulas,  or  how  to  use  a new  piece  of  equipment. 
Spread  out  the  study  sessions  for  maximal  benefit  (Carpenter,  Cepeda, 
Rohrer,  Kang,  & Pashler,  2012).  If  you  can  allocate  only  five  hours  to  study- 
ing for  an  exam,  spread  it  out  over  three  or  four  days  instead  of  spending 
the  entire  time  at  one  sitting.  Of  course,  study  periods  also  need  to  be  long 
enough  to  allow  for  integration  of  the  information  you're  reading.  The 
ideal  study  period  depends  on  many  factors,  including  the  difficulty  of  the 
material,  your  own  attentional  capacities,  and  how  much  has  to  be  learned. 
In  fact,  it  seems  that  the  more  variability  you  use  when  learning,  the  better 
able  you  are  to  recall  information  in  a wide  variety  of  settings,  so  study  for 
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different  lengths  of  time  with  different  intervals  between  study  sessions  for 
the  longest  lasting  memories. 


Get  Organized 

"Clean  up  your  room!"  1 don't  think  that  there  is  a person  alive  who  has 
not  heard  (or  spoken)  these  words.  The  idea  that  "you'll  never  be  able  to 
find  anything  in  this  mess"  may  also  apply  to  how  you  store  information 
in  memory.  Although  the  similarity  between  memory  and  a messy  room  is 
obviously  a gross  oversimplification,  organization  does  make  it  easier  both 
to  find  a pair  of  socks  that  match  and  retrieve  information  from  memory. 

1 would  like  to  demonstrate  this  point  with  two  lists  of  words.  Read  one  list, 
at  a rate  of  approximately  one  word  per  second,  cover  the  list  and  write 
down  as  many  of  the  words  as  you  can  remember,  then  repeat  this  process 
with  the  second  list. 

Girl,  Heart,  Robin,  Purple,  Finger,  Flute,  Blue,  Organ,  Man,  Hawk,  Green, 
Lung,  Eagle,  Child,  Piano 

Stop  now,  cover  the  above  list,  and  write  down  as  many  words  from  this 
list  as  you  can  remember. 

Now  read  the  next  list,  cover  it,  and  then  write  down  as  many  of  the  words 
that  you  can  remember  from  this  list. 

Green,  Blue,  Purple,  Man,  Girl,  Child,  Piano,  Flute,  Organ,  Heart,  Lung, 
Finger,  Eagle,  Hawk,  Robin 

Stop  now,  cover  the  above  list  and  write  down  as  many  words  from  this  list 
as  you  can  remember. 

Undoubtedly,  you  correctly  recalled  more  words  from  the  second  list  than 
from  the  first.  You  may  not  have  realized  that  the  lists  were  identical  except 
for  the  order  in  which  the  words  were  presented.  You  might  expect  that  you 
did  better  the  second  time  because  you  already  had  a chance  to  practice  the 
words  once.  This  is  true.  The  additional  time  spent  studying  the  words  can 
partially  account  for  the  improvement  in  recall.  However,  most  of  the  im- 
provement on  the  second  list  came  from  the  organization  provided  by  pre- 
senting words  in  categories.  Research  has  shown  that  when  lists  of  words  are 
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presented  in  categories,  recall  of  material  is  two  to  three  times  better  than 
when  the  same  list  of  words  is  randomly  presented  (Bower  & Clark,  1969). 
When  words  are  presented  in  random  order,  as  in  the  first  list,  recall  is  im- 
proved when  subjects  have  enough  time  to  generate  their  own  categories. 

You  can  apply  this  memory  principle  by  organizing  material  that  you  need 
to  learn.  If  you  are  learning  a classification  system  for  a biology  course  or 
the  properties  of  metals  for  a course  in  science,  study  one  group  or  category 
at  a time.  See  how  the  groups  relate  and  note  similarities  and  differences 
within  and  between  categories.  Impose  a structure  or  organization  on  the 
material  to  be  learned. 

Generate  Multiple  Cues  for  Retrieval 

I've  seen  it  happen  many  times.  A good  student,  who  works  hard,  finds 
that  he  cannot  remember  an  answer  on  an  exam,  and  then  soon  after  turn- 
ing in  his  paper,  the  answer  seems  to  pop  into  his  head.  Or,  similarly,  as 
soon  as  he  hears  the  answer,  he  realizes  that  he  "knew"  it,  but  couldn't 
remember  it  when  it  was  needed.  These  are  frustrating  experiences  that  can 
have  dire  consequences  if  you  cannot  recall,  for  example,  the  CPR  (cardio 
pulmonary  resuscitation)  you  learned  in  high  school  or  the  emergency 
procedures  for  those  times  when  you  run  low  on  air  in  the  middle  of  a deep 
sea  dive.  Knowledge  that  you  cannot  recall  when  it  is  needed  is  called 
inert  knowledge.  Later,  in  the  chapter  on  creative  thinking,  we  will  con- 
sider ways  to  help  you  think  of  new  solutions  for  new  problems.  "Think  of" 
is  really  the  same  as  activating  inert  knowledge.  Memory  is  central  to  all 
thinking.  Psychologists  know  a great  deal  about  remembering  and  forget- 
ting, including  some  ways  to  make  information  that  you  "know"  available 
when  you  need  it.  We  know  that  what  you  do  when  you  are  learning  some- 
thing will  have  a strong  effect  on  whether  you  are  able  to  recall  it  when  it 
is  needed. 

When  you  recall  something,  it  is  in  response  to  some  cue.  For  example, 
"name  some  strategies  that  promote  recall."  In  this  example,  the  terms 
"strategies  to  promote  recall"  are  the  cues  for  what  is  to  be  remembered. 
When  you  learn  something,  you  need  to  learn  it  along  with  the  cues  that 
are  likely  to  be  present  at  recall.  Ask  questions  about  causes  and  conse- 
quences of  the  material  you  are  learning.  How  does  the  newly  acquired 
information  relate  to  other  concepts?  What  1 am  describing  is  the  principle 
of  encoding  specificity,  the  idea  that  material  is  most  likely  to  be  re- 
called when  you  are  presented  with  the  same  cues  that  were  available  when 
you  learned  it.  Learning  that  encourages  a "deep"  or  extensive  knowledge 
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will  help  to  make  the  information  spontaneously  available  in  those  situa- 
tions when  you  need  it  (Gholson  et  ah,  2009). 


Overlearn 

When  can  you  stop  studying?  Well,  if  this  question  is  applied  to  a specific 
example,  like  studying  for  a literature  exam,  then  the  best  answer  is  when 
you  can  recall  the  material  perfectly  over  several  different  sessions.  Con- 
sider what  happens  when  a child  learns  her  multiplication  tables.  At  some 
point,  she  gets  through  the  entire  pack  of  dreaded  "flash  cards"  (remember 
them?)  without  an  error.  If  she  stopped  learning  there,  you  would  find  that 
the  next  time  she  went  through  the  deck  of  flash  cards,  a few  errors  would 
"creep"  in.  She  needs  to  overlearn,  that  is  go  through  the  pack  of  cards 
without  errors  many  times,  with  sessions  spaced  out  over  time,  to  ensure 
accurate  recall  when  these  arithmetic  facts  are  needed. 


Be  Aware  of  Noncognitive  Factors 

There  are  many  factors  that  can  affect  your  ability  to  learn  that  have  little 
to  do  with  cognition,  but  you  do  need  to  be  able  to  recognize  them  so  that 
you  can  find  ways  to  minimize  forgetting.  Suppose  that  you  are  trying  to 
learn  something  (anything)  but  are  exhausted  from  lack  of  sleep  or  from 
excessive  exercise  (say,  the  marathon  you  just  ran);  your  ability  to  attend, 
encode,  and  retain  information  will  suffer.  Your  ability  to  learn  can  also  be 
adversely  affected  by  drugs  (prescription  and  nonprescription  varieties),  an 
extremely  anxious  or  depressed  emotional  state  ("I'll  never  learn  this,  then 
I will  flunk  out,  then  everyone  will  know  I am  dumb,  then  I will  have  to 
sell  hamburgers  for  the  rest  of  my  life,"  etc.),  a lack  of  time  for  learning,  a 
poor  background  in  the  subject  area,  and  many  more  factors.  Did  you 
know  that  lack  of  sleep  can  be  as  detrimental  to  your  ability  to  think  and 
respond  as  being  drunk?  Sleep  deprivation  is  a major  cause  of  accidents. 
The  scary  part  of  sleep  deprivation  is  that  the  sleep-deprived  person  has 
little  knowledge  of  how  poorly  he  or  she  is  thinking.  You  will  probably  not 
allow  friends  to  drive  drunk,  but  think  nothing  of  allowing  them  to  drive 
when  they  are  sleepy,  a condition  that  can  be  just  as  dangerous.  These  are 
just  a few  of  many  possible  behaviors  that  depress  your  ability  to  learn.  I 
hate  to  sound  like  your  mother,  but  take  care  of  yourself,  eat  right,  exercise, 
get  enough  sleep,  and  get  help  with  physical  and  emotional  problems. 
There  is  little  point  in  working  on  the  thinking  skills  that  are  presented 
throughout  this  book  if  you  are  going  to  be  spending  much  of  your  life 
strung  out  on  drugs,  half-asleep,  or  too  anxious  to  learn. 
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Retention 


The  art  of  remembering  is  the  art  of  thinking.  . . . our  conscious  effort 
should  not  be  so  much  to  impress  or  retain  (knowledge)  as  to  connect  it 
with  something  already  there. 

— William  James  (1890) 

The  term  "retention"  is  sometimes  used  synonymously  with  memory.  Unfor- 
tunately, this  term  suggests  that  memory  is  like  a vast  storage  tank  or  library 
where  memories  are  stored  and  something  like  miniature  pictures  of  events  are 
retrieved  when  we  need  to  recall  an  event.  This  notion  of  memory  is  wrong. 

The  Constructive  Nature  of  Memory 

As  you  already  know,  many  of  the  popular  notions  people  hold  about 
memory  are  wrong.  In  a national  study  of  what  people  in  the  United  States 
remember  about  the  terrorist  attacks  that  occurred  on  9/11/2001  (a  topic 
which  has  been  the  subject  of  much  research),  researchers  found  that  10 
years  after  the  attacks,  people  were  able  to  remember  much  of  what  hap- 
pened on  that  day  much  better  than  they  would  be  for  neutral  events,  but 
their  memories  were  not  completely  accurate  (Chen,  2011).  People  be- 
lieved that  they  would  "never  forget"  and  remained  highly  confident  that 
they  were  accurately  recalling  events,  but  in  fact  there  were  many  details 
that  were  forgotten  or  inaccurately  recalled.  The  researchers  found  that 
they  could  not  convince  people  that  their  memory  was  wrong.  Several  im- 
portant facts  about  memory  are  demonstrated  in  this  study:  (a)  memories 
are  frequently  inaccurate;  (b)  we  tend  to  fill  in  missing  information  in 
memory  with  information  that  "fits"  with  our  belief  system  or  was  ac- 
quired after  the  event  occurred;  and  (c)  although  there  is  generally  positive 
relationship  between  memory  accuracy  and  confidence,  we  tend  to  be 
more  confident  about  highly  emotional  events,  and  this  is  where  the  rela- 
tionship between  confidence  and  accuracy  breaks  down.  People  believe 
that  their  memory  for  emotional  events  is  far  more  accurate  than  it  really 
is.  These  are  important  points  to  remember  about  memory  because  we  all 
rely  on  information  stored  in  memory  to  make  decisions  and  understand 
events,  and  we  mostly  believe  that  our  own  memory  is  highly  accurate. 
However,  this  is  not  always  the  case,  considering  that  memory  is  influ- 
enced by  a set  of  factors: 

Prior  Knowledge 

Your  ability  to  learn  and  remember  new  material  depends  on  what  you 
already  know.  You  certainly  wouldn't  take  an  advanced  course  in  nuclear 
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physics  if  you  never  had  a basic  course  in  physics.  However,  you  probably 
never  realized  that  prior  knowledge,  the  information  you  already  know, 
influences  how  you  think  and  how  you  remember  new  information  in  al- 
most any  context.  You  can  read  a passage  about  a familiar  topic  more 
quickly  than  you  can  read  a passage  of  (objectively)  comparable  difficulty 
regarding  an  unfamiliar  topic  because  your  prior  knowledge  about  a known 
topic  facilitates  comprehension.  Later  in  this  book,  1 consider  the  differ- 
ences between  novices  and  experts  in  how  they  solve  problems.  The  expert 
is  better  able  to  comprehend  a problem  and  to  remember  important  as- 
pects of  the  problem  because  of  prior  knowledge  of  the  field. 


Stereotypes  and  Prejudice 

Stereotyping  is  a category  based  cognitive  response  to  another  person. 

— Susan  Fiske  (1993,  p.  623) 

A classic  experimental  demonstration  of  the  idea  that  prior  knowledge  in- 
fluences what  people  will  remember  was  conducted  by  two  psychologists, 
Snyder  and  Uranowitz  (1978).  Two  groups  of  college  students  read  the 
same  story  about  a woman  named  Betty.  The  story  contained  information 
about  her  life.  Among  the  information  presented  was  the  fact  that  she  oc- 
casionally dated  men.  Up  to  this  point,  everything  was  the  same  for  the 
students  in  both  groups.  After  reading  the  story,  one  group  of  students  was 
told  that  Betty  had  become  a lesbian,  while  the  other  group  of  students  was 
told  that  she  was  leading  a heterosexual  lifestyle.  The  question  of  interest 
was  whether  this  would  influence  what  they  remembered  about  Betty's  life 
story.  One  week  later,  all  of  the  students  returned  to  the  laboratory  to  an- 
swer questions  about  the  story  they  had  read.  They  were  asked  many  ques- 
tions, but  the  critical  question  was: 

In  high  school,  Betty: 

(a)  occasionally  dated  men 

(b)  never  went  out  with  men 

(c)  went  steady 

(d)  no  information  provided 

Can  you  guess  the  results  of  this  experiment?  The  group  of  students  who 
were  told  that  Betty  is  now  a lesbian  were  much  more  likely  to  "remember" 
(b)  as  the  correct  answer  than  the  group  of  students  who  were  told  that 
Betty  is  a heterosexual.  The  students  who  had  been  told  that  Betty  is  a 
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lesbian  believed  that  they  remembered  something  that  had  not  occurred. 
Their  prejudices  and  beliefs  about  lesbians  caused  them  to  remember 
events  that  never  transpired. 

Our  beliefs  about  lesbians,  women,  men,  and  other  groups,  especially  racial 
and  ethnic  groups,  exert  strong  influences  on  what  we  will  remember 
about  members  of  these  groups.  People  may  honestly  believe  that  they  are 
recalling  something  that,  in  fact,  never  occurred  because  their  beliefs  about 
what  must  have  happened  bias  how  they  recall  the  events. 

Experiments  like  the  ones  just  described  have  important  implications  for 
understanding  the  nature  of  prejudice.  Let's  suppose  that  Betty  was  a real 
person  whom  you  knew  while  growing  up.  There  may  be  many  things  that 
you  can  remember  about  Betty.  You  now  learn  that  she  is  a lesbian.  Sup- 
pose further  that  you  have  a stereotype  of  lesbians  as  women  who  drive 
trucks,  crush  beer  cans  with  one  hand,  and  hate  men.  Because  this  stereo- 
type contains  very  little  truth  about  any  hypothetical  "average"  lesbian, 
you  would  be  forced  either  to  change  your  stereotype  or  to  change  what 
you  remember  about  Betty,  it  seems  that  it  is  our  specific  memories  that 
change;  not  the  more  abstract  memory  information  underlying  our  stereo- 
types. You  might  selectively  remember  information  like  the  fact  that  she 
always  liked  to  play  basketball  and  forget  other  information  about  Betty 
that  is  inconsistent  with  your  stereotype,  like  the  fact  that  she  also  liked  to 
cook  and  plant  flowers.  Allport  (1954),  in  a classic  book  on  prejudice  wrote, 
"it  is  possible  for  a stereotype  to  grow  in  defiance  of  all  evidence" 
(pp.  189-190).  This  is  an  important  point  that  1 want  to  reiterate.  Our  be- 
liefs are  not  easily  changed;  instead,  we  tend  to  change  our  memory  for 
what  we  saw  and  heard  so  that  the  memory  is  made  consistent  with  the 
beliefs.  Most  often,  memory  is  altered  without  conscious  awareness  that 
the  information  is  being  recalled  in  a way  that  does  not  match  the  event. 


Inference  and  Distortion 

Memory  is  malleable.  Our  memory  depends  on  how  we  encoded  or  inter- 
preted events,  not  the  events  themselves.  What  we  remember  changes  over 
time  (Schacter,  Guerin,  & St.  Jacques,  2011).  When  our  knowledge  and  experi- 
ence change,  our  memories  also  change.  There  are  additions  made  to  memo- 
ries so  that  we  remember  events  that  never  occurred  and  deletions  made  so 
that  we  forget  other  events  that  did.  Often,  people  cannot  distinguish  be- 
tween their  own  thoughts  and  their  perceptions.  Have  you  ever  wondered. 
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"Did  she  really  say  that  or  did  I think  she  said  that?"  At  your  next  high  school 
or  college  reunion,  get  together  with  friends  to  remember  old  times.  You  may 
be  surprised  to  find  that  the  same  events  are  remembered  differently  by  each 
of  you,  and  each  will  have  memories  that  others  don't  have.  Furthermore, 
each  of  several  people  who  shared  a common  event  and  remembered  it  dif- 
ferently will  be  highly  confident  that  his  or  her  memory  is  highly  accurate. 


Real  and  False  Memories 

People  are,  in  general,  highly  susceptible  to  the  creation  of  false  memo- 
ries; that  is,  people  often  accept  as  fact  events  that  have  never  occurred 
but  have  merely  been  implied  or  hinted  at. 

— Stephan  Lewandowsky,  Werner  Stritzke,  Klaus  Oberauer,  and 

Michael  Morales  (2009,  p.  179). 

An  explosive  controversy  involving  memory  has  shaken  public  confidence 
in  many  accounts  of  memories  that  were  not  recalled  for  long  periods  of 
time  and  then  suddenly  emerged,  often  during  psychotherapy  sessions. 
These  memories  usually  involve  traumatic  events  such  as  witnessing  a 
murder  or  experiencing  sexual  or  other  physical  abuse.  Some  psycholo- 
gists believe  that  these  memories  are  quite  accurate  and  that  they  were  not 
available  for  recall  because  they  were  repressed  as  a protective  mechanism 
for  the  individual  who  could  not  deal  with  the  trauma.  Other  psycholo- 
gists believe  that  while  some  of  these  memories  may  be  accurate  accounts 
of  real  events,  many  are  likely  to  be  "false"  memories  for  events  that  either 
did  not  occur  or  were  very  different  from  the  way  they  were  remembered 
(Loftus,  1993;  Roediger  & Bergman,  1998).  Unfortunately,  there  is  no  ob- 
jective way  to  discriminate  between  real  memories  and  false  ones.  The 
false  ones  often  "feel  real,"  and  the  person  doing  the  remembering  is  often 
very  confident  that  the  memory  is  accurate,  even  when  other  types  of  evi- 
dence show  that  it  cannot  be  accurate.  Try  this  demonstration: 


Read  the  following  list  of  words  out  loud,  then  when  you  are  finished, 
cover  the  list  and  write  down  as  many  as  you  can  remember. 

Sour,  Candy,  Sugar,  Bitter,  Good,  Taste,  Nice,  Honey,  Soda,  Chocolate, 
Heart,  Cake,  Pie,  Tart 


(Continued) 
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Now  look  over  your  list.  How  many  of  the  words  did  you  get  correct? 
Did  you  remember  reading  the  word  "sweet?"  Many  people  do,  even 
though  it  is  not  on  the  list.  Tests  like  this  one  show  how  people  can  be 
misled  into  remembering  things  that  never  happened  (Roediger  & 
McDermott,  1 995).  Many  people  are  highly  confident  that  they  read 
the  word  sweet,  when  it  was  not  on  the  list.  Sweet  is  associated  with 
the  words  on  this  list  and  it  is  activated  in  memory  when  it  associated 
words  are  activated. 


Lewandowsky  et  al.  (2005,  2009)  found  that  more  Americans  falsely  re- 
membered that  there  was  evidence  that  Iraq  had  "weapons  of  mass  destruc- 
tion" during  the  Iraq  War  of  2003  than  people  from  Australia  or  Germany. 
One  interpretation  of  these  data  is  that  these  beliefs  allowed  Americans  to 
justify  their  country's  actions  in  Iraq.  The  authors  concluded  that  the  best 
way  to  guard  against  false  memories  is  to  maintain  a "healthy  skepticism" 
so  that  people  consider  possible  motives  for  actions. 


Retrieval 


What  is  your  mother's  maiden  name?  Unless  you  happened  to  be  sitting 
here  thinking  about  your  mother's  name,  the  name  seemed  to  "pop"  into 
your  mind.  The  answer  must  have  been  stored  in  some  way  that  allowed  it 
to  be  retrieved  with  a simple  question.  In  fact,  it  seems  almost  impossible 
not  to  remember  your  mother's  maiden  name,  when  you  are  asked  this 
question.  Now  try  this  one:  What  are  the  names  of  the  Seven  Dwarfs  in 
Snow  White  and  the  Seven  Dwarfsl  If  you  did  not  grow  up  in  America  or 
another  Western  culture,  then  you  may  have  responded  to  this  question 
with,  "Huh?"  Of  course,  you  cannot  remember  something  that  you  never 
learned.  If  you  grew  up  in  North  America  or  another  Western  culture,  then 
you  probably  saw  the  movie  and  read  this  fairy  tale,  and  now  you  are  hav- 
ing trouble  with  this  question,  even  though  you  probably  heard  their 
names  and  read  them  several  times.  Forgetting  can  be  a frustrating  experi- 
ence for  everyone.  How  can  we  understand  the  retrieval  process  when  it 
works  so  well  sometimes  and  so  poorly  other  times?  (P.S.  Are  you  ready  to 
give  up?  Their  names  are  Bashful,  Sneezy,  Sleepy,  Grumpy,  Happy,  Doc, 
Dopey). 
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There  is  no  memory  without  retrieval,  but  we  need  to  be  aware  of  the  many 
ways  that  memories  can  be  biased,  and  thus  inaccurate.  Certainly,  success- 
ful retrieval  of  information  is  a goal  for  remembering,  but  a critical  thinker 
will  consider  ways  the  memory  could  be  biased. 


Forgetting 

Happiness  lies  in  good  health  and  a bad  memory. 

— Ingrid  Bergman  (quoted  in  Smith,  1992,  p.  Al) 

One  of  the  major  theories  of  forgetting  is  that  events  interfere  with  each 
other  in  memory.  This  is  called  the  interference  theory  of  forgetting. 
Suppose  that  you  are  studying  French  and  Spanish  in  college.  You  would 
probably  find  that  you  sometimes  get  them  confused  because  what  you 
learned  about  one  language  "interferes"  with  what  you  learned  about  the 
other.  In  general,  the  more  similar  two  events  are  (or,  in  this  case,  lan- 
guages), the  more  interference  there  will  be.  Knowing  this,  can  you  think 
of  a way  to  reduce  interference  and  improve  memory?  In  the  example  just 
given,  one  way  would  be  to  take  the  courses  in  different  semesters  to  mini- 
mize the  interference,  or  at  least  one  course  early  in  the  morning  and  the 
other  in  the  evening.  By  keeping  the  French  and  Spanish  courses  as  sepa- 
rate as  possible,  you  can  reduce  some  of  the  interference. 


Thinking  and  Forgetting 

By  definition,  we  cannot  recall  what  we  have  forgotten.  Often,  we  will  have 
partial  information  about  the  forgotten  information,  such  as  the  frustrat- 
ing, "1  know  that  1 know  the  answer,  but  1 can't  remember  it  now."  Psy- 
chologists call  this  experience  the  "tip  of  the  tongue"  phenomenon  because 
of  the  maddening  way  the  information  seems  to  be  right  on  the  tip  of  the 
tongue,  but  cannot  quite  be  recalled.  Other  times,  we  simply  do  not  know 
what  we  have  forgotten.  Researchers  have  found  that  most  often  people 
treat  the  absence  of  information  as  though  it  is  evidence  that  there  is  none. 
Let  me  explain  with  an  example.  Should  you  marry  your  significant  other? 
Suppose  that  you  can  think  of  ("thinking  of"  is  the  same  as  recalling)  two 
reasons  why  you  should  and  none  why  you  should  not.  Because  you  can- 
not recall  any  reasons  that  run  counter  to  this  decision,  you  rely  on  what 
can  be  recalled  to  guide  your  decision.  The  problem,  of  course,  is  that  we 
cannot  know  what  we  have  forgotten.  However,  it  is  possible  to  spend  some 
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time  and  effort  considering  what  sort  of  evidence  might  have  been  forgot- 
ten and  overlooked.  Did  you  forget  to  consider  that  she  picks  her  nose  and 
this  really  bothers  you,  or  that  he  is  a sloppy  housekeeper,  a trait  that  drives 
you  "crazy?"  The  need  to  generate  information  so  that  it  can  be  evaluated 
is  discussed  in  several  places  throughout  this  book.  For  now,  think  of  it  as 
a forgetting  problem  that  can  be  lessened,  but  not  eliminated,  with  con- 
scious effort  to  consider  what  might  have  been  forgotten.  Because  we  can- 
not recall  any  reasons  why  we  may  be  making  the  wrong  decision,  people 
tend  to  be  overconfident  about  the  quality  of  their  decisions.  A second 
reason  for  the  overconfidence  that  we  have  in  our  thinking  and  remember- 
ing processes  is  that  we  can  only  act  on  one  decision  (e.g.,  marry  or  not), 
and  we  can  never  know  if  another  decision  would  have  been  better. 

Recall  Errors 

It  is  clear  that  we  store  knowledge  (or  generate  it)  in  highly  organized  ways. 
Sometimes,  the  errors  we  make  can  provide  clues  to  how  it  is  organized. 
Recall  that  long-term  memories  are  stored  in  associative  networks.  Has 
your  father  or  mother  ever  called  you  by  your  sibling's  name?  Most  people 
respond  "Yes."  But,  few  people  report  that  their  father  or  mother  called 
them  by  the  name  of  the  family  dog.  Intuitively,  this  would  be  insulting 
(unless  they  really  love  the  dog)  because  it  suggests  some  underlying  facts 
about  how  your  parent  thinks  about  you.  Similarly,  if  your  boyfriend  or 
girlfriend  called  you  by  the  name  of  a former  significant  other,  this  is  also 
perceived  as  insulting  because  it  suggests  that  he  or  she  was  thinking  about 
the  former  boyfriend  or  girlfriend  or  that  information  about  you  and  the 
former  love  are  stored  together  in  memory. 

I can  think  of  several  examples  where  these  "slips  of  the  tongue"  have  re- 
vealed some  tell-tale  signs  about  the  way  people  store  information  in 
memory.  In  one  embarrassing  example,  a university  administrator  kept 
mixing  up  the  names  of  two  African  American  deans.  This  painful  mix-up 
showed  how  he  had  stored  information  about  them  in  memory  and  tended 
to  think  about  them  as  "African  American  deans"  instead  of  some  other 
grouping  or  as  individuals. 

Stop  now,  and  answer  the  two  questions  in  the  following  box.  After  you 
write  in  the  answer  for  each  question,  rate  how  confident  you  are  that  your 
answer  is  correct.  Use  the  numbers  1 to  7 to  rate  your  confidence  with  1 = 
not  at  all  confident,  7 = completely  confident,  and  4 = middle  level  of 
confidence. 
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1 . How  many  animals  of  each  kind  did  Moses  take  on  the  ark? 
Confidence  rating  (1-7) 

2.  In  the  biblical  story,  what  was  Joshua  swallowed  by? 
Confidence  rating  (1-7) 


Look  over  your  confidence  ratings  and  compare  them  with  the  ratings  of 
other  people  to  whom  you  asked  these  questions.  If  you  responded  like 
most  people,  you  were  very  confident  and  very  wrong.  Did  you  respond 
with  the  "2"  to  the  first  question?  If  you  did,  you  were  wrong  because  Moses 
did  not  have  an  ark;  you  were  thinking  about  Noah.  What  about  the  second 
question?  Were  you  confident  that  the  answer  is  a “whale?"  If  so,  you  were 
wrong  again  because  it  wasn't  Joshua  who  was  swallowed  by  a whale;  it  was 
Jonah.  Demonstrations  like  this  one  show  how  memory  works.  When  you 
read  about  animals  on  an  ark,  you  activated  your  knowledge  for  the  biblical 
ark  story  and  never  noticed  that  Moses  was  named  in  the  question.  The 
same  thing  happened  with  your  knowledge  of  the  biblical  whale  story.  Re- 
flect on  what  this  shows  us  about  human  memory — the  way  it  is  organized 
and  used  and  the  way  we  can  be  completely  confident  and  completely 
wrong.  Try  this  demonstration  with  your  family  and  friends  and  then  ex- 
plain to  them  what  you  have  learned  about  remembering. 

Chunking 

As  you  can  see,  the  strategies  that  we  use  to  reduce  the  effort  of  thinking 
and  remembering  can  lead  to  biases  and  errors.  What  is  needed  is  an  effi- 
cient way  to  reduce  the  demands  on  working  memory  that  will  not  have  a 
negative  effect  on  what  and  how  we  think.  Multiple  studies  of  the  ways 
that  experts  think  have  shown  that  one  of  the  major  differences  between 
people  with  expertise  in  some  field  and  those  without  the  expertise  is  in 
the  efficient  way  that  the  experts  organize  and  recall  information  that  is 
specific  to  their  specialty.  The  experts  are  able  to  perceive  large,  meaningful 
patterns  of  information,  which  reflects  the  highly  organized  nature  of  the 
information  in  their  memories.  They  also  know  how  to  search  for  answers 
to  problems  using  information  available  in  the  environment  and  knowl- 
edge that  they  have  stored  in  memory.  Experts  keep  the  goal  clearly  in 
mind,  and  regulate  their  thinking  process.  These  highly  compact  memory 
"units"  and  efficient  search  strategies  place  fewer  demands  on  working 
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memory.  Interestingly,  these  advantages  are  specific  to  the  expert's  special- 
ization. They  approach  cognitive  tasks  in  other  domains  much  like  the  rest 
of  us,  a fact  which  suggests  that  the  real  advantage  is  not  in  a generally 
superior  mind  or  memory,  but  in  the  highly  developed  knowledge  struc- 
tures and  search  procedures  that  correspond  to  one's  area  of  expertise 
(Halpern  & Wai,  2007). 

It  seems  likely  that  good  card  players  remember  which  cards  have  already 
been  played  because  each  hand  is  highly  meaningful  to  them.  For  example, 
John  Moss  (1950,  a pseudonym  for  the  author  of  How  to  Win  at  Poker), 
describes  a series  of  possible  hands  that  a player  can  be  dealt  along  with 
several  possible  cards  that  could  be  drawn.  It  would  be  easy  for  him  or  an- 
other poker  shark  to  remember  a "four  of  diamonds  in  the  hole  with  a four 
of  hearts,  six  of  diamonds  and  ace  of  spades  exposed."  He  could  remem- 
ber this  as  a single  familiar  hand,  while  a novice  player  would  have  to  re- 
member four  separate  cards.  For  the  good  players,  this  hand  would 
represent  a single  chunk  in  memory.  Reducing  a large  number  of  items  to 
a single  item  to  be  remembered  is  called  chunking.  (No,  it  is  not  a brand 
of  Chinese  food.)  It  is  a subtle  and  ubiquitous  memory  process  that  allows 
us  to  recall  whole  sentences  instead  of  words  and  whole  words  instead  of 
letters.  As  material  becomes  increasingly  meaningful,  we  can  reduce  the 
number  of  items  that  need  to  be  remembered.  Master  chess  players  and 
card  players  seem  to  have  this  memory  advantage. 

Look  quickly  at  the  row  of  letters  and  numbers  presented  below,  and  then 
cover  them  and  try  to  remember  as  many  as  you  can: 

IB  MF  BI  TW  AJ  FK 

816  44  93  62  51  69  41 

If  you  had  difficulty  with  this  task,  the  reason  may  be  that  the  information 
was  not  chunked  or  grouped  into  meaningful  units.  Suppose  I reorganize  the 
letters  by  changing  the  spacing  but  not  their  order.  They  now  become  IBM, 
FBI,  TWA,  JFK.  You  should  have  no  difficulty  remembering  all  of  the  letters 
now.  The  amount  of  information  hasn't  changed,  but  the  cognitive  demand 
has.  It  is  much  easier  to  recall  information  that  it  chunked  into  meaningful 
units.  Consider  the  row  of  numbers.  Suppose  I tell  you  that  this  series,  if 
regrouped,  is  the  sequence  9^  8^  7^,  etc.  Again,  by  relating  the  input  to 
what's  known  to  make  it  meaningful,  a difficult  memory  task  can  be  made 
trivial.  The  notion  that  meaning  is  important  in  memory  will  be  raised  again 
later  in  this  chapter  when  we  consider  strategies  for  improving  memory. 
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Metamemory 


If  one  has  poor  insights  into  the  inner  workings  of  their  cognitive 
system,  this  should  inhibit  their  performance  on  virtually  ail  tasks, 
because  it  is  hard  to  imagine  a single  cognitive  task  that  does  not 
require  some  level  of  metacognitive  awareness  for  its  successful 
completion. 

— Ceci  and  Ruiz  (1993,  p.  175) 

The  term  metamemory  refers  to  one's  personal  knowledge  of  his  or  her 
own  memory  system.  It  seems  that  much  of  the  difference  between  good 
and  poor  learners  can  be  attributed  to  metamemory.  Bransford  (1979)  has 
summarized  this: 

[EJffective  learners  know  themselves,  what  they  need  to  know  and  do  in 
order  to  perform  effectively;  they  are  able  to  monitor  their  own  levels 
of  understanding  and  mastery.  These  active  learners  are  therefore  likely 
to  ask  questions  of  clarification  and  more  efficiently  plan  their  study 
activities.  Such  activities  are  quite  different  from  passively  accepting 
(yet  momentarily  actively  processing)  the  particular  information  that  a 
person  or  text  presents"  (p.  248). 

This  quote  from  Bransford  brings  up  the  important  concept  of  active  learn- 
ing. Very  little,  if  anything,  can  be  learned  passively.  Good  learners  know 
when  they  understand  the  material  and  when  they  do  not  understand  it; 
poor  learners  do  not  seem  to  notice  the  difference.  Good  learners  know 
what  they  have  to  do  to  facilitate  learning.  These  are  the  executive  pro- 
cesses that  keep  the  learner  mindful  of  what  and  how  much  is  being 
learned.  For  example,  good  learners  may  spontaneously  link  new  informa- 
tion to  information  previously  learned  or  think  of  possible  applications  for 
the  new  materials  they  are  learning.  As  you  read  this  paragraph,  you  may 
be  applying  this  learning  "device"  by  noting  the  similarity  of  this  concept 
with  one  you  learned  in  the  section  entitled  organization,  that  imposing 
additional  organization  on  material  by  activities  like  these  will  result  in 
improved  comprehension. 

Nelson  and  Narens  (1990)  provided  a list  of  tasks  that  are  used  in  experi- 
mental settings  to  assess  metamemory.  This  list  can  easily  be  adapted  as  a 
way  to  enhance  metamemory.  For  example,  before  you  begin  a learning 
task,  carefully  assess  the  ease  with  which  you  expect  to  achieve  the  learn- 
ing, called  ease  of  learning  jndgments.  If  you  are  a senior  in  college 
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who  has  majored  in  sociology,  you  might  decide  that  the  material  pre- 
sented in  an  introductory  psychology  text  would  be  easy  for  you  to  learn. 
Alternatively,  you  could  decide  that  a course  in  Asian  philosophy  would  be 
relatively  difficult  to  learn.  The  reason  for  making  ease  of  learning  judg- 
ments is  that  they  require  you  think  about  the  to-be-learned  material, 
considering  what  you  already  know  about  the  topic,  your  ability  in  the 
area,  and  the  learning  context.  These  reflections  will  prepare  you  to  allo- 
cate the  necessary  time  and  mental  resources  to  accomplish  the  task. 

While  you  are  learning,  consider  how  well  you  know  the  material — that  is, 
make  judgments  of  how  well  you  are  learning — quality  of  learning 
judgments.  If  you  can  determine  that  it  is  not  going  well,  then  you  can 
redirect  your  learning  activities  and  seek  help.  After  learning,  think  about 
how  well  you  know  and  understand  what  has  just  been  learned — feelings 
of  knowing  judgments.  Finally,  when  you  are  using  the  material  in  a 
response,  make  degree  of  confidence  judgments  about  your  answers. 
Recent  research  has  shown  that  when  people  monitor  the  types  of  informa- 
tion they  are  to  learn,  metamemory  is  improved  (McCabe  & Soderstron, 
2011).  Taken  together,  these  four  tasks  will  provide  an  ongoing  monitor  of 
learning  and  memory,  and  they  can  help  with  the  selection  of  control  pro- 
cedures such  allocating  more  time  and  effort,  trying  another  study  mode, 
and  stopping  the  learning  session. 

These  four  metamemory  tasks  are  summarized  in  Table  2.2. 


Mnemonics 


In  an  episode  of  the  popular  children's  television  show.  Sesame  Street,  Bert  and 
Ernie,  two  lovable  muppets,  discussed  an  intriguing  memory  phenomenon. 
Bert  noticed  that  Ernie  had  tied  a piece  of  string  around  his  finger  to  help  him 
remember  something.  In  fact,  Ernie  tied  string  around  each  of  his  eight  fingers 
(apparently  muppets  have  eight  fingers)  to  be  really  sure  that  he  did  not  forget. 
After  some  prompting  from  Bert,  Ernie  recalled  that  the  string  was  supposed  to 
help  him  remember  he  should  buy  more  string,  as  they  had  run  out  of  string. 

Although  this  story  is  humorous,  it  illustrates  some  fundamental  assump- 
tions and  problems  encountered  by  humans  (and  muppets)  in  dealing  with 
their  memory.  The  wide  range  of  activities  from  tying  a string  around  one's 
finger  to  the  more  elaborate  procedures  presented  later  are  called  mne- 
monic devices.  They  are  techniques  for  organizing  and  elaborating 
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Table  2.2:  Self-reflective  tasks  that  can  serve  as  a guide  for  monitoring  the 
process  of  remembering. 


When 

What 

How 

Before 

Learning 

Ease  of 

Learning 

Judgments 

Look  over  the  material  that  is  to  be  learned  and 
Judge  the  ease  with  which  you  will  learn  it. 
Consider  what  you  already  know  about  the 
topic,  the  reason  why  you  are  learning  it,  and 
your  own  abilities. 

While 

Learning 

Quality  of 

Learning 

Judgments 

As  you  learn,  monitor  how  well  you  are 
understanding  the  information  or  performing  a 
motor  skill.  Can  you  summarize  in  your  own 
words  what  is  being  learned?  Are  you 
generating  multiple  cues  and  using  techniques 
that  foster  deep  learning? 

After 

Learning 

Feeling  of 

Knowing 

Judgments 

When  the  learning  task  is  completed,  reflect  on 
how  well  you  learned  the  material.  Have  you 
overlearned  for  maximal  retention  and  used 
distributed  practice?  Will  you  be  able  to  recall 
the  material  sometime  in  the  future? 

At  Recall 

Degree  of 

Confidence 

Judgments 

When  you  are  recalling  the  information, 
consider  how  confident  you  are  in  your  recall. 

information  so  that  it  can  be  more  easily  remembered.  Many  students  use 
mnemonic  devices  to  prepare  for  exams  and  some  of  the  techniques  are  so 
common  that  we  usually  don't  think  of  them  as  mnemonics. 

During  the  summers  when  1 was  in  college,  1 worked  as  a waitress  at  a resort 
in  the  Catskill  Mountains  of  New  York.  The  resort  had  a nightclub  with  the 
usual  array  of  singers,  dancers,  jugglers,  and  animal  acts.  (The  kitchen  help 
were  not  allowed  to  attend  the  nightclub,  so,  of  course,  we  would  sneak  in 
as  often  as  we  could.)  One  particular  act  that  amazed  me  was  a memory  act 
by  Harry  Lorayne.  He  went  around  the  audience  recalling  people's  names. 
His  memory  seemed  limitless.  1 was  also  surprised  at  how  much  the  audi- 
ence enjoyed  his  performance  and  that  an  amazing  memory  would  qualify 
as  a nightclub  act.  After  all,  no  one  ever  asked  me  to  demonstrate  the  amaz- 
ing powers  of  critical  thinking  as  a nightclub  act!  (Perhaps  there  is  a reader 
who  books  nightclub  acts,  who  is  just  looking  for  this  sort  of  late-night 


96  Thinking  Starts  Here 


CRANKSHAFT  By  Tom  Batiuk  & Chuck  Ayers 


-rm&Mfa-m 
boksidre  pcwwr<5ww 
PftS<£PA£tW...WlW'^ 

Hl<,  MAMe... 


k/jsseti.. 


WJSSEU-. 


IT"' 


1 3t«T-tHlNk.CF 
Lwwes  RUSTUMS- 

iM"me  FALL  Amp 
■TMAT  Aetp&  m 
Rewemeek.  wi6 
K)Awe...?os6eu,. 


Crankshaft  © 2010  Mediagraphics,  Inc.  Dist.  by  North  America  Syndicate.  Used  with 
permission. 


crowd-pleasing  entertainment.)  Harry  Lorayne  later  wrote  two  books  on 
this  topic  (Lorayne,  1975;  Lorayne  & Lucas,  1974).  The  mnemonic  princi- 
ples he  used  are  presented  here  along  with  several  others. 

Most  mnemonics  are  based  on  a few  simple  memory  principles.  They  all  force 
you  to  pay  attention  to  the  items  to  be  remembered,  and  they  provide  either 
an  organizational  scheme  or  a meaningful  context  for  unrelated  items.  The 
user  is  often  required  to  organize  the  material  and  to  use  the  mnemonic  as  an 
efficient  retrieval  cue.  The  use  of  mnemonics  also  requires  metacognitive 
monitoring — keeping  track  of  what  you  know.  They  are  intentional  strategies, 
ones  that  you  can  use  when  you  decide  that  you  want  to  remember  some- 
thing. Thus,  from  what  you  have  already  learned  about  memory  earlier  in 
this  chapter,  you  can  see  that  mnemonics  are  not  mere  theatrical  tricks.  They 
work  because  they  represent  applications  of  basic  principles  of  memory. 

We  all  employ  memory  aids  every  day.  The  most  common  aids  are  exter- 
nal memory  aids,  such  as  the  sticky  notes  that  are  popular,  entries  in  a 
PDA  (personal  digital  assistant),  timers  to  remind  us  to  turn  off  the  stove, 
and  shopping  lists.  Mnemonics  that  are  designed  to  help  us  retrieve  infor- 
mation from  memory  are  called  internal  memory  aids,  in  this  chapter, 
i present  four  basic  types  of  internal  memory  aids.  Each  will  be  discussed 
in  turn  followed  by  some  guidelines  for  selecting  the  appropriate  mne- 
monic for  the  type  of  material  to  be  learned. 

Pegwords  and  Images 

The  following  demonstration  was  presented  by  Norman  (1976,  p.  134).  1 
have  used  it  as  a class  demonstration  many  times,  and  students  are  always 
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surprised  at  how  well  it  works.  The  use  of  this  mnemonic  depends  on  first 
learning  pegwords,  which  serve  as  "hooks"  for  information  that  is 
learned  later.  In  this  case,  the  pegwords  are  in  the  form  of  a simple  poem 
to  learn.  Spend  a minute  or  two  learning  this  poem: 

One  is  a bun, 

Two  is  a shoe. 

Three  is  a tree. 

Four  is  a door. 

Five  is  a hive. 

Six  are  sticks. 

Seven  is  heaven. 

Eight  is  a gate. 

Nine  is  a line,  and 
Ten  is  a hen. 

Do  you  have  this  memorized?  If  not,  go  over  the  poem  again. 

Now,  1 am  going  to  present  a list  of  words  to  be  remembered.  You  have  to 
form  an  image  or  association  between  the  listed  items  and  the  items  in  the 
poem  you  just  learned.  For  example,  the  first  item  on  the  list  is  ashtray. 
Imagine  an  ashtray  with  a bun  in  it,  since  the  bun  was  the  first  item  in  the 
poem.  You  could  imagine  something  like  a large  hamburger  bun  sitting  in 
a dirty  ashtray.  Read  the  items  on  the  list  one  at  a time,  allowing  enough 
time  to  form  an  image. 

1.  ashtray 

2.  firewood 

3.  picture 

4.  cigarette 

5.  table 

6.  matchbook 

7.  glass 

8.  lamp 

9.  shoe 

10.  phonograph 
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Now,  cover  the  list  of  words  and  answer  the  following  questions: 

What  is  number  eight? 

What  number  is  cigarette? 

if  your  experience  was  like  the  one  Norman  described  or  the  ones  my  stu- 
dents report,  then  you  have  been  surprised  to  find  that  the  answers  were 
easily  available,  in  this  case  you  learned  a list  of  rhyming  pegwords  and 
then  used  imagery  to  relate  the  words  to  be  learned  to  the  pegwords.  Re- 
search has  shown  that  images  are  best  when  they  are  interacting  (e.g.,  the 
bun  is  in  the  ashtray  and  not  just  next  to  it)  and  when  they  are  vivid  and 
detailed  (the  bun  that  1 was  imaging  was  a hamburger  bun  with  sesame 
seeds  on  it  and  the  ashtray  was  glass).  The  deliberate  use  of  both  verbal  and 
imagery  modes  of  thought  was  introduced  in  the  first  chapter.  We  will  use 
this  strategy  again  in  the  chapters  on  creativity  and  problem  solving.  Of 
course,  you  are  probably  thinking,  "Why  not  just  write  the  list  down  on 
paper?"  If  paper  and  pencil  are  allowable  and  available,  this  is  certainly  the 
best  and  cheapest  mnemonic  that  you  can  find,  but  often  we  need  to  com- 
mit lists  to  memory.  If  you  are  an  anatomy  student,  you  have  to  learn  long 
lists  of  the  names  of  nerves,  bones,  and  other  organs.  Chemists  need  to 
learn  complex  formulas,  and  it  would  not  instill  confidence  in  me  if  1 
found  that  my  surgeon  kept  a written  list  of  body  parts  above  the  operating 
table  (but,  it  might  not  be  a bad  idea).  College  students  who  were  taught  a 
pegword  system  for  topics  such  as  recalling  the  10  highest  mountains  in 
the  world  showed  better  recall  on  both  immediate  and  delayed  tests  (Car- 
ney & Levin,  2011).  There  are  many  real-life  instances  when  we  need  to 
learn  long  lists  of  material  in  as  efficient  a way  as  possible. 

Images  can  also  be  used  alone  (without  pegwords).  They  are  especially  ad- 
vantageous when  you  want  to  remember  names  and  faces.  This  is  the  tech- 
nique that  Lorayne  (1975)  used.  Change  the  names  you  want  to  remember 
to  a concrete  noun;  pick  out  a distinctive  feature  of  the  face  and  image,  the 
two  as  interacting.  He  suggested  that  you  pay  special  attention  to  cheeks, 
lips,  facial  lines,  forehead,  nose,  eyebrows,  and  eyes.  For  example,  if  you 
meet  Ms.  Silverstein  and  you  notice  that  she  has  wide-set  eyes,  you  could 
image  a silver  beer  mug  (stein)  between  her  eyes.  Mr.  Dinter  could  be 
changed  to  dinner  and  an  entire  dinner  could  be  imaged  on  his  large  fore- 
head. Try  this  at  the  next  party  you  attend.  You'll  find  it  fun,  and  you  may 
surprise  yourself  with  your  new  abilities. 

A pegword  mnemonic  system  has  been  developed  especially  for  learning  a 
second  language  (Atkinson,  1975).  Suppose  you  are  learning  French  and 
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are  faced  with  the  following  three  vocabulary  words  with  their  English 
translations  to  learn: 

French  English 

homme  man 

etoile  star 

legume  vegetable 

Students  begin  by  generating  their  own  pegwords.  The  pegword  should 
sound  like  the  foreign  vocabulary  word.  Thus,  for  the  word  homme,  1 
would  generate  "home,"  for  etoile,  1 would  use  "a  towel,"  and  for  legume, 
1 would  use  "lagoon." 

The  second  step  makes  use  of  imagery  by  linking  an  image  of  the  pegword 
with  the  correct  translation  of  the  foreign  word.  1 visualize  a man  entering 
a large  home,  a towel  with  a star  painted  on  it,  and  vegetables  floating  in 
a lagoon.  (It  is  best  when  the  items  are  interacting.)  When  the  foreign 
words  homme,  etoile,  and  legume  are  encountered,  students  would  then 
automatically  recall  the  images  and  retrieve  the  correct  translations. 

Atkinson  claims  that  as  facility  with  the  foreign  language  develops,  the 
need  to  remember  the  images  diminishes  and  students  can  extract  the  in- 
tended meaning  without  the  use  of  imagery.  Students  who  are  taught  to 
use  this  method  consistently  recall  more  correct  English  translations  (72% 
compared  with  46%)  than  students  who  use  the  usual  rote  rehearsal 
method  of  repeating  the  words  until  they  "stick."  Furthermore,  this 
method  seems  to  work  best  when  students  generate  their  own  pegwords 
and  images.  The  need  for  active  participation  in  learning  and  the  pay  off 
from  the  effortful  work  of  learning  are  general  rules  for  improving  memory. 
This  is  a mnemonic  that  is  well  worth  using  if  you  are  studying  a foreign 
language. 

How  many  different  passwords  do  you  have  to  remember  for  different  ac- 
counts on  the  internet?  More  importantly,  how  many  times  have  you  for- 
gotten a password  and  wasted  time  trying  to  find  it?  Here  is  a good 
mnemonic  for  passwords  using  imagery.  In  a study  of  using  imagery  to 
generate  good  passwords  (not  easily  detected — usually  have  a combination 
of  upper  and  lower  case  letters,  numbers,  and  nonalphanumeric  characters) 
and  then  recall  them,  participants  were  taught  how  to  change  an  image 
into  a password,  so  a photo  of  your  friends  might  be  used  for  a social  media 
site  and  become  "FriSnds!"  (Nelson  & Vu,  2010).  With  a little  effort  (all 
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mnemonics  require  effort),  you  can  use  this  mnemonic  for  your  own 
passwords. 


Rhymes 

We  also  use  rhymes  to  help  us  remember.  For  example,  there  are  few  people 
who  haven't  heard: 

I before  E,  except  after  C 


or 


Thirty  days  hath  September,  April,  June,  and  November. 

Answer  this  question  quickly.  What  letter  comes  after  N?  Most  people  find 
that  they  need  to  sing  that  portion  of  the  alphabet  (1,  m,  n,  o,  p)  to  answer 
this  question.  Like  rhymes,  the  rhythm  established  in  songs  help  to  deter 
forgetting. 

Rhymes  are  useful  when  order  is  important  because  mistakes  in  order  will 
usually  destroy  the  rhyme.  Notice  that  the  first  pegword  poem  I presented 
relied  on  pegwords,  images,  and  rhymes  (one  is  a bun,  etc.).  This  is  an  es- 
pecially easy  mnemonic  to  use,  probably  because  several  mnemonic  de- 
vices are  employed  in  the  same  poem  to  guard  against  forgetting. 


Method  of  Places 

Before  I describe  how  "places"  works  as  a mnemonic  device,  I would  like 
you  to  remember  my  back-to-school  shopping  list.  Read  the  list  through 
slowly  once,  then  see  how  many  items  you  can  recall. 

Pencils,  Ruler,  Notebook,  Marking  Pens,  Compass,  Tape,  Paper,  Scissors, 
Sharpener,  Thumb  Drive,  Tablet,  Glue 

How  many  items  on  this  list  did  you  remember? 

Here  is  how  the  method  of  places  (or  method  of  loci)  could  improve 
your  recall  for  this  list.  Pick  a familiar  route,  like  the  one  from  your  house 
to  school.  Now  imagine  each  of  the  items  on  this  list  placed  somewhere 
along  this  route.  The  pencils  could  be  very  tall  and  form  a fence  around 
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your  front  lawn,  the  ruler  could  be  sitting  across  your  car,  the  notebook 
could  be  the  Stop  sign  at  your  corner,  etc.  Try  this  now  with  the  back-to- 
school  shopping  list  just  presented.  Once  the  images  are  formed,  you 
should  be  able  to  remember  every  item  by  “mentally  walking  through" 
your  route  and  noticing  the  items  you've  imagined  along  the  way. 

Research  with  the  elderly  has  shown  that  they  can  perform  as  well  as  much 
younger  college  students  when  they  are  taught  and  use  this  mnemonic. 
This  is  important  because  America  is  an  aging  society,  and  many  elderly 
fear  a loss  of  memory,  if  you  are  elderly,  or  if  you  know  someone  who  is, 
many  of  the  simple  mnemonics  presented  in  this  chapter  such  as  the 
method  of  places  and  use  of  visual  imagery  can  be  used  as  an  aid  to  mem- 
ory and  thus,  postpone  or  reduce  cognitive  aging  effects,  it  is  also  particu- 
larly useful  to  assist  the  elderly  with  the  use  of  external  memory  aids  such 
as  medication  boxes  that  have  an  alarm  to  signal  the  time  for  the  medica- 
tion, calendars,  and  timers.  External  aids  have  the  advantage  of  helping 
those  with  failing  (or  poor)  memory  recall  the  tasks  that  are  important. 


First  Letters 

First  Letter  Mnemonics 

They  are  probably  most  commonly  used  in  preparing  for  tests.  To  use  this 
technique,  take  the  first  letter  of  each  term  to  be  learned,  insert  vowels  and 
other  letters  if  necessary,  and  make  a word.  When  you  need  to  remember 
the  list,  you  recall  the  word  you  formed  and  then  use  each  letter  as  a re- 
trieval cue  for  each  item  on  the  list.  Many  of  us  learned  to  remember  the 
names  of  the  Great  Lakes  as  HOMES  (Huron,  Ontario,  Michigan,  Erie,  and 
Superior),  if  you  never  learned  this  before,  you  will  never  forget  it  again. 

in  a recent  study,  college  students  in  an  accounting  course  were  taught  first 
letter  mnemonics  “as  a useful  tool  for  explaining  the  elements  of  account- 
ing equations,  the  notion  of  debits  and  credit,  and  the  principles  of  the 
basic  accounting  cycle"  (Laing,  2010,  p.  355).  Here  is  an  example  from  that 
study.  The  mnemonic  was  PALER,  which  stood  for  Proprietorship,  Assets, 
Liabilities,  Expenses,  and  Revenues.  Students  who  learned  this  mnemonic 
did  significantly  better  on  a test  of  accounting  principles  that  those  who 
were  not  given  this  mnemonic.  Student  comments  confirmed  the  test 
results — many  students  found  that  this  mnemonic  “helped  them  figure  out 
what  went  where." 
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The  first  letter  mnemonic  organizes  unrelated  terms  into  a single  word.  You 
already  know  how  important  good  organization  is  for  memory.  1 can  re- 
member using  this  technique  when  1 was  a college  student.  The  class  had 
been  told  to  be  prepared  to  answer  a long  essay  question  that  was  to  be 
written  during  an  in-class  exam.  There  were  six  points  that  1 wanted  to 
make  in  the  essay,  and  1 wanted  to  be  sure  that  1 included  all  of  them  in 
order.  1 took  the  first  letter  of  each  of  the  points,  made  up  a word  using 
these  letters  and  used  this  word  to  help  me  remember  all  of  the  points  for 
the  exam.  (It  worked  well.) 


Mnemonic  Principles 

Mnemonic  devices  can  be  powerful  aids  for  memory.  They  are  also  para- 
doxical because  it  seems  that  to  remember  better,  you  need  to  remember 
more.  The  first  letter  mnemonic  requires  that  you  remember  the  new  word 
you  created  with  the  first  letters  as  well  as  each  of  the  words.  The  pegword 
systems  require  that  you  learn  a pegword  system,  and  the  rhymes  present 
you  with  a song  or  poem  to  be  learned.  Acquiring  a good  memory  means 
working  at  it,  but  it  is  work  that  pays  off  in  life-long  dividends.  There  are 
hundreds  of  studies  that  demonstrate  that  the  deliberate  use  of  mnemonics 
improves  recall  (Worthen  & Hunt,  2011). 

There  is  probably  no  field  that  requires  more  rote  memory,  in  addition  to 
other  sorts  of  remembering,  than  medicine.  There  are  thousands  of  mne- 
monics to  help  students  in  the  medical  fields  recall  the  names  of  anatomi- 
cal parts  and  their  connections.  Here  is  one  that  1 learned  in  biology  class 
many  years  ago:  “On  Old  Olympus  Towering  Tops,  A Finn  And  German 
Viewed  Some  Hops":  Some  readers  will  recognize  this  mnemonic  as  a way 
to  recall  the  12  cranial  nerves  in  order:  Olfactory,  Optic,  Occulomotor, 
Trochlear,  Trigeminal,  Abducens,  Facial,  Auditory  [or  Vestibulocochlear], 
Glossopharyngeal,  Vagus,  Accessory  [or  Spinal  root  of  the  accessory]. 
Hypoglossal. 

Let's  try  to  develop  a mnemonic  that  could  help  you  to  remember  the  types 
of  mnemonics.  First,  let's  review  what  they  are:  pegwords  and  images, 
rhymes,  method  of  places,  and  (first)  letters.  Although  you  could  use  the 
method  of  places  and  image  each  of  these  terms  along  a route,  or  associate 
them  with  a pegword,  or  make  up  a poem,  my  choice  for  a list  like  this  one 
is  the  first  letter  mnemonic.  Start  by  listing  the  first  letter  of  each  term:  P, 
R,  MP,  L.  You  can  modify  the  first  letter  technique  by  using  each  letter  to 
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begin  a word  in  a sentence,  since  incorporating  these  letters  in  a single  word 
may  be  difficult.  Try  it.  The  sentence  one  of  my  students  came  up  with  is 
"Pretty  Round  Men,  Please  Listen."  Use  imagery  also  to  aid  recall.  Imagine 
a nice-looking  round  (fat)  man  with  a kind  face  and  very  big  ears  (for  listen- 
ing). Make  your  images  detailed  and  vivid.  (Can  you  see  his  round  tummy 
and  elephant-size  ears?)  If  you  are  asked  to  recall  the  mnemonic  devices, 
you  can  list  each  one,  and  by  remembering  the  name  of  each,  all  of  the 
information  you've  learned  about  them  should  also  be  easily  retrieved. 


External  Memory  Aids 

External  memory  aids,  which  are  sometimes  called  "cognitive  prostheses," 
are  also  valuable  in  helping  with  the  multitude  of  remembering  tasks  that 
we  all  encounter.  If  you  have  to  remember  to  do  something,  a kind  of  re- 
membering called  prospective  memory  because  it  is  memory  for  a fu- 
ture event,  why  not  set  an  alarm,  post  a note,  tie  a string  on  your  finger,  or 
leave  something  in  an  obvious  and  unavoidable  place  (e.g.,  leave  a lunch- 
box  in  front  of  the  door  so  that  you  do  not  forget  to  take  it). 

Some  people  have  acquired  specialized  and  specific  external  memory  aids. 
I was  impressed  with  such  a system  when  I was  attending  a ballet  at  the 
grand  Bolshoi  Theatre  in  Moscow.  Like  many  cities  with  very  cold  weather, 
it  is  customary  to  check  your  coat  when  you  arrive  at  the  theatre.  In  addi- 
tion, many  people  also  check  bags,  boots,  and  large  hats.  The  workers  at 
the  wardrobe  have  to  be  able  to  dispense  hundreds  of  possessions  very 
quickly  when  the  ballet  is  over.  In  addition,  the  checkers  also  rent  binocu- 
lars and  need  to  remember  who  rented  the  binoculars  so  as  to  be  certain 
that  the  binoculars  are  returned.  I found  that  the  checkers  had  devised 
a simple  external  mnemonic  system.  The  coat  hooks  are  numbered  (into 
the  hundreds  at  each  station).  When  someone  checks  a bag  with  the  coat, 
the  checker  uses  a number  that  ends  in  4 (14,  24,  34,  etc.).  Then,  when  the 
claim  ticket  is  presented  at  the  end  of  the  show,  a 4 in  the  last  digit  means 
that  the  checker  should  look  below  for  a package.  If  a person  rents  binocu- 
lars, then  a chalk  line  is  marked  above  the  coat  hook  number.  Then  if  a coat 
is  retrieved  and  there  is  a chalk  mark  above  the  number,  the  checker  knows 
that  binoculars  are  to  be  returned.  This  simple  system,  which  has  probably 
developed  over  many  years,  helps  to  get  a large  number  of  people  out  of 
the  wardrobe  area  and  reduces  the  time  spent  in  line.  This  last  point  is  criti- 
cal to  Russians  who  often  have  to  wait  in  long  lines.  If  only  such  a system 
could  be  used  to  reduce  the  other  lines  as  well. 
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Remembering  Events 

Most  often  we  need  to  remember  events  rather  than  lists  or  related  con- 
cepts. Much  of  the  work  done  in  the  area  of  event  memory  has  been  con- 
ducted by  psychologists  trying  to  assist  victims  and  witnesses  of  crime  with 
recall  of  the  criminal  activity.  We  can  borrow  the  mnemonic  techniques 
that  they  use  to  improve  memory. 

The  Cognitive  interview 

"Information  is  the  lifeblood  of  a criminal  investigation"  (Stewart,  1985). 
One  way  to  improve  the  quantity  and  quality  of  what  gets  remembered  is 
with  the  use  of  a memory  aid  for  events  known  as  the  cognitive  interview 
(Fisher,  1995).  The  cognitive  interview  is  based  on  principles  derived  from 
cognitive  psychology  about  how  information  is  organized  and  the  types  of 
retrieval  cues  that  can  work  to  prime  recall,  it  seems  that  the  unflappable 
Sergeant  Friday  from  the  old  television  show  "Dragnet"  was  wrong  when  he 
asked  for  "just  the  facts,  ma'am."  The  accuracy  and  completeness  of  recall  is 
improved  by  elaboration,  especially  about  objects  and  activities  that  occurred 
near  the  crime  in  time  or  space.  Geiselman  and  Fisher  (1985)  have  found  that 
recall  for  events  can  be  enhanced  by  using  the  following  strategies: 

1.  Start  by  recalling  ordinary  events  that  occurred  before  the  target 
event  (i.e.,  the  crime).  Visualize  the  circumstances.  Think  about  the 
layout  of  the  room,  weather,  traffic  flow,  or  any  other  aspect  of  the 
scene.  Think  about  your  mood  at  the  time. 

2.  Be  as  complete  as  possible  in  your  recall.  Don't  edit  your  report  or 
exclude  something  because  you  think  that  it  might  not  be 
important. 

3.  Recall  the  event  in  both  forward  and  backward  order,  or  start  from 
the  middle  and  recall  both  forward  and  backward  in  time  from 
some  central  incident. 

4.  Change  your  perspective.  Try  to  recall  the  event  as  though  you 
were  some  other  person  such  as  a spectator  (real  or  imaginary)  or 
you  were  the  perpetrator  of  a crime. 

if  you  are  trying  to  remember  the  physical  appearance  of  someone,  does 
someone  else  whom  you  know  come  to  mind?  Why?  in  what  ways  are  they 
similar?  if  you  cannot  recall  a name,  recite  the  alphabet  to  see  if  a particular 
letter  can  "jog"  your  memory.  Sometimes  partial  information  like  the  num- 
ber of  syllables  in  a name  can  be  recalled,  if  numbers  are  involved  (e.g.,  a 
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license  plate),  try  to  recall  the  number  of  digits  or  some  physical  character- 
istic of  the  digits  like  their  size  or  color. 

The  techniques  of  the  cognitive  interview  can  be  used  anytime  you  need 
to  remember  an  event.  Suppose  you  cannot  remember  where  you  left  your 
car  keys.  This  can  be  a very  frustrating  type  of  forgetting,  in  this  case,  you 
would  try  to  retrace  your  steps  and  try  to  recall  the  last  time  you  used 
them.  Recent  research  has  shown  that  both  young  and  older  adults  had 
better  recall  for  people  and  actions  with  the  cognitive  interview  than  a 
control  group  (Holliday  et  al.,  2012). 


Biases  in  Memory 


Memory  is  a complicated  thing,  a relative  to  truth,  but  not  its  twin. 

— Barbara  Kingsolver  (p.  48) 

Unfortunately,  our  memories  are  subject  to  certain  biases.  All  items  stored 
in  memory  are  not  equally  likely  to  be  recalled,  and  when  memory  errors 
occur,  they  are  not  random.  Because  all  thinking  relies  on  memory,  it  is 
important  to  recognize  the  ways  in  which  memory  can  be  biased. 


Confirmation  Bias 

Virtually  all  violent  regimes  fan  the  flames  of  extreme  confirmation 
bias  in  their  citizens,  especially  their  youth,  by  presenting  them  with 
only  one  point  of  view  and  assiduously  insulating  them  from  all  others. 

— Scott  O.  Lilienfeld,  Rachel  Ammirati,  and  Kristin  Landfield 

(2009,  p.  391) 

The  bias  to  seek  out  and  prefer  information  that  is  consistent  with  our  be- 
liefs is  very  strong  (Jonas,  Schulz-Hardt,  Frey,  & Thalen,  2001).  it  occurs 
when  people  make  decisions,  solve  problems,  estimate  likelihoods,  decide 
whom  to  trust,  and  how  to  invest  money.  1 return  to  this  idea  several  times 
throughout  this  book  because  the  confirmation  bias  is  ubiquitous — it  can 
be  found  virtually  everywhere.  Lilienfield  (2010)  urges  that  we  become 
constantly  vigilant  for  its  influences  on  memory.  He  quotes  from  the  famed 
astronomer  Carl  Sagan  and  his  wife  and  coauthor  Ann  Druyan  who  note 
that  “science  is  like  a little  voice  in  our  heads  that  says,  'You  might  be  mis- 
taken. You've  been  wrong  before."'  No  one  is  immune  from  confirmation 
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bias.  The  best  safeguard  is  to  recognize  how  often  it  occurs  and  to  remain 
vigilant  to  guards  against  its  insidious  effects. 


Vivid,  Dramatic,  Personal,  and  Familiar 

We  also  know  that  there  is  a recall  advantage  to  information  that  is  well 
known,  familiar,  prominent  (generally  important  or  personal),  recent, 
vivid,  and  dramatic.  People  tend  to  be  very  confident  about  their  memory 
for  emotional  events,  but  these  memories  are  often  inaccurate  (Phelps  & 
Sharot,  2008).  In  addition,  general  knowledge  about  events  is  sometimes 
mistaken  as  memory  for  a specific  event  because  people  cannot  tell  the  dif- 
ference between  events  as  they  were  experienced  and  events  that  they 
constructed  from  general  knowledge  (Jacoby,  Kelley,  & Dywan,  1989). 
These  biases  in  memory  have  profound  effects  on  how  people  think. 


Long-Term  Accuracy  is  Sometimes  Excellent 

Memory  is  a heterogeneous,  mottled  system  that  both  improves  and 

declines  over  time,  is  both  accurate  and  distortion  prone. 

— Matthew  Hugh  Erdelyi  (2010,  p.  631) 

Before  you  despair  completely,  you  will  be  happy  to  know  that  memory 
can  also  be  fairly  good,  especially  if  you  practice  the  rules  for  good  learn- 
ing, retention,  and  retrieval  that  were  presented  earlier  in  this  chapter.  If 
you  were  wondering,  "Why  bother  learning  this,  if  1 will  soon  forget  it  and 
not  even  know  that  1 forgot,"  there  are  several  good  reasons  to  keep  study- 
ing. It  seems  that  memory  for  information  learned  in  a cognitive  psychol- 
ogy class  was  still  fairly  good  for  main  concepts  and  important  ideas,  even 
12  years  after  learning,  although  memory  for  many  of  the  names  of  the 
theorists  tended  to  be  forgotten  in  about  three  years  (Conway,  Cohen,  & 
Stanhope,  1991)  and  memory  for  high  school  math  was  almost  perfect 
decades  later  for  students  who  continued  learning  and  took  math  in  col- 
lege (Bahrick  & Hall,  1991).  The  original  level  of  learning  is  important  in 
determining  how  well  something  will  be  remembered  over  time,  with 
higher  levels  of  learning  associated  with  better  long-term  memory.  Simi- 
larly, memory  for  the  neighborhood  where  adults  grew  up  was  also  marked 
with  a short  period  of  forgetting  followed  by  good  memory  (for  what  was 
not  forgotten)  for  40  or  more  years  (Schmidt,  Peeck,  Paas,  & van  Breukelen, 
2000).  As  in  the  other  studies,  good  remembering  was  associated  with  over- 
learning and  spacing  of  learning  episodes.  Thus,  the  more  you  learn,  the 
better  you  remember  information  related  to  the  topic  of  your  learning. 
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with  broad  principles  and  concepts  generally  well  remembered  for  a 
lifetime. 

You  can  take  advantage  of  these  operating  principles  of  memory  in  two 
ways.  First,  you  could  use  them  to  improve  memory  by  considering  infor- 
mation that  you  want  to  remember  by  overlearning  and  spacing  learning 
sessions  over  time.  In  addition,  make  the  material  to-be-learned  familiar 
and  prominent,  generate  encoding  cues,  use  organizational  strategies,  and 
elaborate  by  connecting  the  new  information  to  knowledge  you  have  al- 
ready acquired.  Perhaps,  even  more  importantly,  you  can  be  aware  of  the 
ways  your  memory  is  likely  to  be  biased  and  engage  in  deliberate  attempts 
to  debias  your  recollections. 


Chapter  Summary 

• Memory  was  described  as  the  mediator  of  cognitive  processes  be- 
cause all  of  our  thoughts  depend  upon  the  ability  to  use  what  we 
have  stored  in  memory. 

• Long-term  memories  are  stored  in  associative  networks,  so  remem- 
bering something  automatically  makes  it  more  likely  to  remember 
related  concepts. 

• Most  people  believe  that  memory  is  like  a video  camera  that  records 
and  replays  an  accurate  version  of  what  happened,  but  in  fact, 
memory  is  often  inaccurate,  even  when  people  are  highly  confi- 
dent that  they  are  remembering  accurately.  We  often  miss  even 
unusual  events  that  occur  "right  before  our  eyes,"  and  we  often 
believe  information  that  seems  familiar  even  when  it  is  not  true. 

• The  "illusion  of  truth"  refers  to  the  memory  phenomenon  in 
which  we  forget  the  source  and  sometimes  even  the  content  of  a 
message,  but  when  we  encounter  the  name  of  a person  who  was 
part  of  the  forgotten  message,  the  "feeling  of  familiarity"  is  inter- 
preted as  "the  new  message  must  be  true."  This  occurs  without 
conscious  awareness,  so  all  we  can  do  is  be  aware  of  the  possibility 
that  it  is  happening  and  be  less  willing  to  believe  rumors  or 
innuendos. 

• There  are  many  different  varieties  of  memory.  What  and  how  you 
learn  and  remember  will  depend  on  the  type  of  information  to-be- 
remembered,  what  you  already  know,  the  length  of  the  retention 
interval,  and  noncognitive  factors  like  health  and  motivation. 
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• Working  memory  is  the  term  used  for  the  "place"  in  which  we  con- 
sciously think.  It  has  a seriously  limited  capacity  that  we  can  con- 
trol by  deciding  which  information  to  attend  to  and  how  much 
effort  a particular  task  is  worth.  When  learning  is  difficult,  we  need 
to  reduce  the  load  on  working  memory.  This  can  be  done  by  writ- 
ing information  on  paper,  making  it  more  automatic,  or  attending 
to  the  information  to-be-learned. 

• By  engaging  in  the  hard  work  of  effortful  learning,  you  can  make 
whatever  is  being  learned  easier  and  more  automatic,  so  there  is  a real 
pay-off  in  effort  for  those  who  are  willing  to  work  at  their  learning. 

• There  are  many  learning  strategies  that  reflect  the  fact  that  all 
learning  is  not  the  same.  Good  learners  will  know  what  they  have 
to  do  to  learn  and  remember,  and  they  will  do  it. 

• Memory  can  be  improved  with  appropriate  retrieval  cues  and  good 
organization.  Generation  of  to-be-remembered  information  (with 
minimal  or  varied  cues)  spaced  over  time  will  result  in  enhanced 
recall  relative  to  passive  or  massed  rehearsal. 

• Mnemonics  improve  recall  because  they  utilize  the  basic  memory 
principles  of  attention,  organization,  meaningfulness,  and  chunk- 
ing. The  mnemonics  presented  were  pegwords  and  images,  rhymes, 
method  of  places,  and  first  letters. 

• Memory  for  events  can  be  improved  with  the  cognitive  interview 
technique,  which  uses  elaboration  at  recall  to  improve  memory. 

• Although  difficult  to  believe,  even  those  memories  in  which  we  are 
very  confident  can  be  completely  wrong.  This  is  difficult  for  most 
people  to  accept  because  our  phenomenological  sense  is  that  our 
own  memories  are  "true." 

• Our  memories  are  biased  in  predictable  ways.  Examine  your  own 
recall  for  the  possible  influence  of  biases  related  to  stereotypes, 
general  knowledge,  positive  reflections  on  oneself,  or  for  informa- 
tion characteristics  such  as  being  well  known,  familiar,  prominent, 
recent,  vivid,  and/or  dramatic. 

The  following  skills  to  enhance  your  memory  were  presented  in  this  chap- 
ter. Review  each  skill  and  be  sure  that  you  understand  how  and  when  to 
use  each  one. 

• monitoring  your  attention 

• developing  an  awareness  of  the  influence  of  stereotypes  and  other 
beliefs  on  what  we  remember 
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• making  abstract  information  meaningful  as  an  aid  to  comprehen- 
sion and  recall 

• using  advance  organizers  to  anticipate  new  information  and  to 
prepare  for  reading 

• organizing  information  so  that  it  can  be  recalled  more  easily 

• overlearning  because  you  know  that  it  will  increase  the  probability 
and  accuracy  of  recall 

• recognizing  that  although  you  may  be  very  confident  that  you  are 
recalling  an  event  accurately,  there  is  also  a high  probability  that 
your  memory  is  not  as  accurate  as  it  feels 

• generating  retrieval  cues  at  both  acquisition  and  retrieval 

• practicing  recall  for  information  that  you  are  intentionally  trying 
to  learn 

• monitoring  how  well  you  are  learning 

• using  external  memory  aids 

• employing  pegwords  and  images,  rhymes,  places,  and  first  letters  as 
internal  memory  aids 

• applying  cognitive  interview  techniques 

• developing  an  awareness  of  biases  in  memory  so  that  you  can  con- 
sider the  way  your  own  beliefs,  attitudes,  and  background  knowl- 
edge could  be  influencing  what  and  how  you  remember. 


Terms  to  Know 


You  should  be  able  to  define  or  describe  the  following  terms  and  concepts. 

If  you  find  that  you're  having  difficulty  with  any  term,  be  sure  to  reread 

the  section  in  which  it  is  discussed. 

Thinking.  The  manipulation  or  transformation  of  some  internal  representation. 

Associative  Networks.  Spider-like  organizations  of  information  in  which  closely 
related  topics  are  located  near  each  other  and  those  that  bear  little  relationship 
to  each  other  are  farther  away. 

Change  Blindness  Blindness.  People  do  not  believe  that  they  do  not  "see"  (are 
blind  to)  major  events  that  occur  "right  before  their  eyes." 

Implicit  Memory.  Memory  about  which  we  have  little  conscious  knowledge. 

Illusion  of  Truth.  When  a message  is  forgotten  and  the  name  of  a person  (or  an 
event)  that  was  in  the  forgotten  message  is  encountered  at  some  time  in  the 
future,  this  person  (or  event)  feels  familiar.  People  look  for  reasons  why  it 
would  feel  familiar  and  decide  that  the  new  message  must  be  true. 
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Working  Memory.  The  "place"  where  knowledge  is  consciously  manipulated  or 
transformed.  Thinking  is  constrained  because  working  memory  has  a limited 
capacity. 

Episodic  Memory.  Memory  for  events  in  which  we  can  remember  our  own 
participation. 

Semantic  Memory.  Memory  for  facts  like  word  meanings  and  the  multiplication 
tables. 

Declarative  Memory.  Knowledge  that  can  be  verbalized  easily. 

Motor  Memory.  Memory  for  the  performance  of  motor  skills  like  swimming  or 
riding  a bicycle. 

Procedural  Memory.  Memory  for  accomplishing  some  task  such  as  using  a slide 
rule  or  operating  equipment. 

Automatic  Memory.  Remembering  that  seems  effortless  such  as  the  memory  for 
the  frequency  of  events. 

Effortful  Memory.  Remembering  that  requires  the  deliberate  and  conscious  use 
of  strategies  such  as  memory  for  a series  of  dates. 

Intentional  Learning.  Used  to  describe  learning  efforts  and  activities  that  are 
engaged  in  when  a learner  is  deliberately  trying  to  learn  something  so  that  is 
can  be  recalled  later. 

Incidental  Learning.  When  learning  occurs  without  any  deliberate  effort,  such 
as  learning  the  plot  of  a television  show  or  the  habits  of  family  members. 

Acquisition.  Used  to  describe  learning.  Also  known  as  encoding,  or  putting  infor- 
mation into  memory. 

Retention  Interval.  The  time  interval  between  the  acquisition  of  new  informa- 
fion  (learning)  and  ifs  refrieval. 

Retrieval.  The  act  of  recalling  or  remembering  informafion  fhat  had  been  previ- 
ously acquired  (learned). 

Advance  Organizers.  Outlines  or  other  summaries  that  are  used  before  learning 
to  assist  with  the  process  of  acquisition 

Inert  Knowledge.  Knowledge  that  isn't  recalled  when  it  is  needed. 

Encoding  Specificity.  The  cues  that  are  available  at  learning  (or  encoding)  will 
be  useful  if  fhey  are  also  available  af  retrieval. 

Interference  Theory  of  Forgetting.  A theory  of  how  we  forget  that  attributes 
forgetting  to  "interference"  or  displacement  of  fhe  to-be-remembered  items  by 
other  material  that  has  been  previously  or  subsequently  learned. 

Chunking.  A memory  process  in  which  a number  of  relafed  items  are  stored  and 
retrieved  as  a unit  in  order  to  facilitate  memory. 

Metamemory.  A person's  knowledge  about  his  or  her  own  memory  system;  for 
example,  knowing  thaf  you  have  to  repeat  a series  of  digits  in  order  to  maintain 
them  in  memory. 

Ease  of  Learning  Judgments.  Individual  estimates  of  how  easy  or  difficulf  if 
will  be  fo  learn  a skill  or  informafion.  This  type  of  judgmenf  is  made  before  the 
learning  process. 

Quality  of  Learning  Judgments.  Individual  estimates  of  how  well  maferial  is 
being  learned.  This  fype  of  judgment  is  made  during  the  learning  process. 

Feelings  of  Knowing  Judgments.  Individual  estimates  of  how  well  something 
is  known.  This  type  of  judgment  is  made  after  the  learning  process. 
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Degree  of  Confidence.  Individual  estimates  of  whether  a particular  response  is 
correct.  This  type  of  judgment  is  made  at  the  time  of  refrieval. 

Mnemonic  Devices.  Memory  aids  or  techniques  that  are  utilized  to  improve 
memory 

External  Memory  Aids.  The  deliberate  use  of  lists,  timers,  calendars,  and  similar 
devices  to  remind  an  individual  to  do  something. 

Prospective  Memory.  Remembering  to  do  something  at  some  time  in  the 
future. 

Internal  Memory  Aids.  Mnemonic  devices  or  memory  aids  that  rely  on  plans  or 
strategies  to  make  retrieval  easier  and  more  likely. 

Pegwords.  A mnemonic  device  or  memory  aid  in  which  a previously  learned  list 
of  words  or  rhymes  serve  as  associates  or  "hooks"  for  the  to-be-remembered 
items. 

Method  of  Places.  (Also  known  as  method  of  loci)  A mnemonic  device  or  mem- 
ory aid  in  which  a familiar  roufe  is  selecfed  and  the  to-be-remembered  items 
are  imaged  at  intervals  along  the  route.  At  recall,  the  individual  "mentally 
traverses"  the  route  to  retrieve  the  items. 

First  Letter  Mnemonics.  A mnemonic  device  or  memory  aid  in  which  the  first 
letters  of  each  word  to  be  learned  are  combined  into  a single  word. 

Cognitive  Interview.  A technique  for  recalling  events  that  uses  principles  of 
cognitive  psychology  to  guide  the  retrieval  process. 
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There  is  an  old  story  about  three  umpires  that  goes  something  like  this: 

Three  umpires  were  unwinding  at  a local  pub  after  a very  tough  day. 
All  three  had  endured  abusive  shouts  like,  "Kill  the  Umpire"  and  had 
numerous  offers  for  new  pairs  of  eyeglasses.  After  a few  mugs  of  brew, 
they  began  discussing  how  they  decide  to  call  balls  and  strikes.  The  first 
umpire,  Jim,  explained  that  it  was  really  quite  simple.  "I  simply  call 
them  as  I see  them." 

Donnie,  the  second  umpire,  disagreed  when  he  said,  "I  see  them  as  I 
call  them." 

Neil,  the  third  umpire,  emphatically  shook  his  head  in  disagreement 
with  the  other  two.  "You're  both  wrong,"  he  said,  slurring  his  words 
somewhat.  "They  don't  even  exist  until  I call  them." 


Neil  had  a good  point.  Whether  a hall  whizzing  past  home  plate  is  a ball  or 
strike  depends  on  what  the  umpire  labels  it.  The  words  he  uses  hoth  inter- 
pret and  define  reality. 


Thought  and  Language 


The  development  of  mind,  thought,  and  language  is  simply  a nexus  in 
which  it  is  impossible  to  separate  one  from  the  other. 

— Michael  Studdert-Kennedy  (quoted  in  Restak, 

1988,  p.  231) 

How  do  you  express  your  thoughts  in  words  and  sentences?  How  influ- 
enced are  you  by  your  particular  language?  You  will  have  difficulty  an- 
swering these  questions  because  you  use  both  so  automatically  and 
because  you  have  no  conscious  awareness  of  the  way  your  thoughts  give 
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rise  to  the  words  you  use  to  express  them.  In  fact,  if  you  try  to  monitor 
your  speaking  process,  you'll  find  yourself  stuttering  and  interfering  with 
the  fluid  speech  that  you  normally  create  so  easily.  It  is  as  though  speech 
emerges  automatically  and  preformed.  Conscious  attention  directed  at  the 
process  tends  to  interfere  with  it. 


Psycholinguistics 

Communication  is  primarily  an  exercise  in  thinking. 

— Russell  Pitt  and  Jack  Leavenworth  (1968,  p.  viii) 

Psycholinguistics  is  the  field  of  psychology  concerned  with  how  we  ac- 
quire and  use  language.  Language  is  a complex  cognitive  activity  that  all 
normal  humans  perform  with  apparent  skill  and  ease.  As  speakers,  we  select 
the  words  we  want  to  use  and  produce  them  in  a (mostly)  grammatically 
correct  form.  As  listeners,  we  use  the  information  in  another's  utterance  to 
share  the  expressed  thoughts.  What  do  we  know  about  the  way  speakers 
and  listeners  share  thoughts  through  the  medium  of  language? 


Underlying  Representation  and  Surface  Structure 

Language  appears  to  be  simply  the  clothing  of  naked  thought. 

— James  E.  Miller  (1972,  p.  43) 

The  comprehension  of  language  is  a process  in  which  the  message  is  used 
to  construct  a representation  of  the  information  referred  to  in  the  message. 
The  sequence  of  sounds  that  we  produce  must  correspond  to  our  intended 
meaning  if  we  are  to  communicate  successfully.  The  "sender"  and  the  "re- 
ceiver" also  must  share  a common  knowledge  of  word  meanings  and  gram- 
mar. Because  language  is  always  incomplete,  the  receiver  must  rely  on  prior 
knowledge,  context,  and  other  cues  to  comprehension  to  construct  a cor- 
rect representation. 

Psychologists  who  are  concerned  with  the  way  people  use  and  understand 
language  divide  language  into  two  structures  or  types  of  representations. 
The  underlying  representation  of  language  refers  to  the  meaning  com- 
ponent of  language — it  is  the  thought  you  want  to  convey.  Surface  struc- 
ture refers  to  the  sounds  of  the  verbal  expression  that  you  use  or  its 
written  form  on  paper,  a computer  monitor,  or  some  other  writing  surface. 
Look  carefully  at  Figure  3.1  which  depicts  this  process. 
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Figure  3.1  The  problem  of  comprehension.  The  sender  has  a thought  that  she  wants 
to  communicate  to  a receiver.  The  thought  (deep  structure)  is  private  and  known  only 
to  the  sender.  It  is  transformed  by  speech  sounds  or  the  shapes  of  letters  (surface  struc- 
ture), which  are  used  by  the  receiver  to  reconstruct  the  meaning  expressed  by  the 
sender's  words. 


As  you  can  see,  the  thought  in  the  mind  of  the  "sender"  is  the  underlying 
or  deep  structure.  The  thought  is  private  and  known  only  to  the  sender. 
The  problem  in  producing  language  is  deriving  surface  structure  from  the 
underlying  representation  in  the  sender's  mind,  while  the  problem  in  com- 
prehending language  is  getting  from  the  surface  structure  back  to  the 
speaker's  (or  writer's)  underlying  representation.  Language  is  integral  in 
these  processes  because  it  is  the  medium  with  which  thoughts  and  emo- 
tions are  most  often  expressed  and  interpreted  (although  other  media  such 
as  dance,  mime,  and  visual  art  are  sometimes  used  to  express  thoughts  and 
emotions). 

A communication  is  "successful"  when  the  underlying  representation  con- 
structed by  the  receiver  matches  the  underlying  representation  of  the 
sender.  The  receiver's  representation  of  the  meaning  is  constructed  over 
time  because  using  language  is  a sequential  process  with  words  uttered  or 
read  one  after  the  other.  All  strategies  for  improving  comprehension  in- 
volve ways  of  building  representations  so  that  they  will  most  nearly  match 
the  one  intended  by  the  sender.  It  is  the  representation  of  knowledge 
about  the  world,  the  "architecture  of  the  cognitive  system,"  that  mediates 
comprehension. 
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When  language  is  ambiguous,  the  surface  structure  can  have  more  than 
one  meaning  or  underlying  representation.  Real  newspaper  headlines  are 
written  to  be  as  short  as  possible,  and  in  the  writing,  there  are  sometimes 
hilarious  examples  of  ambiguity.  Here  are  some  examples  (from  fun-with- 
words.com): 

Kids  Make  Nutritious  Snacks 

Grandmother  of  Eight  Makes  Hole  in  One 

Milk  Drinkers  Are  Turning  to  Powder 

Drunk  Gets  Nine  Months  in  Violin  Case 

Lack  of  Brains  Hinders  Research 

2 Sisters  Reunited  After  18  Years  at  Checkout  Counter 

The  reason  that  these  headlines  are  so  funny  is  that  we  start  "down  the 
garden  path"  assuming  one  meaning,  which  is  then  changed  on  us  or  we 
can  think  of  more  than  one  meaning  at  a time  and  one  of  the  meanings  is, 
well,  less  meaningful. 


Implications  and  Inference 

Communication  depends  as  much  on  information  that  is  implied  as  it  does 
on  the  words  that  are  explicitly  stated.  Comprehension  of  meaningful  ma- 
terial will  always  require  the  listener  or  reader  to  make  inferences  by  going 
beyond  the  words  uttered.  Consider  this  very  simple  three-sentence  story: 

Matt  inherited  a great  deal  of  money. 

Bertha  loves  diamonds  and  furs. 

Bertha  married  Matt. 

Although  very  little  factual  information  was  provided,  it  is  a meaningful 
story.  Readers  infer  that  Bertha  married  Matt  for  his  money  and  that  she 
will  use  his  money  to  buy  diamonds  and  furs,  although  this  interpretation 
may  not  be  correct.  All  communication  requires  the  receiver  to  fill  in  gaps 
between  given  bits  of  information  to  understand  the  intended  meaning. 
Much  of  the  meaning  people  convey  goes  beyond  the  meaning  of  the 
words  they  utter. 


The  Role  of  Inference  in  Advertisements 

One  of  our  defects  as  a nation  is  a tendency  to  use  what  have  been 
called  weasel  words.  When  a weasel  sucks  eggs  the  meat  is  sucked  out 
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of  the  egg.  If  you  use  a weasel  word  after  another  there  is  nothing  left 
of  the  other. 

— Theodore  Roosevelt  (1916  presidential  speech,  former  president 

of  the  United  States,  from  dictionary.com) 

When  you  produce  speech,  the  intended  meaning  is  implied  or  suggested 
by  the  words  you  use,  the  context  in  which  it  is  embedded,  and  verbal  and 
nonverbal  expressions.  It  is  possible  to  say  one  thing  while  communicating 
something  quite  different.  This  technique  is  often  used  by  advertisers  who 
want  to  persuade  you  to  buy  their  products,  yet  have  legal  restrictions  on 
the  kinds  of  statements  they  can  make.  If  they  get  you  to  infer  meaning 
from  the  advertisement,  they  are  protected  from  making  false  claims. 
Here  are  some  examples  (modified  just  enough  to  keep  me  out  of  legal 
trouble): 

Consuming  fiber  is  an  important  part  of  a weight  loss  system. 

FiberBars  are  the  only  fiber  bar  that  tastes  better  than  the  box  it  comes  in. 
Try  one  today! 

The  narrator  never  says  that  eating  fiber  will  cause  weight  loss.  Fiber  is  an 
important  part  of  a weight  loss  system,  but  so  are  protein  and  exercise.  “An 
important  part  of"  is  a common  weasel  phrase  that  is  used  so  that  the 
receiver  of  the  communication  infers  something  that  is  not  said  because  it 
is  not  true.  Weasel  phrases  convey  the  idea  that  something  specific  has 
been  said,  when  it  fact  the  words  used  are  general  and  ambiguous.  The 
image  for  a weasel  phrase  is  that  of  an  empty  egg — something  that  appears 
to  be  solid  and  useful,  but  in  fact  is  empty  and  devoid  of  content.  Here's 
another  example: 

What  should  you  do  during  those  dreaded  moments  when  you  feel  a 
cold  starting?  You  could  do  nothing  or  take  ColdAway. 

The  inference  is  that  taking  ColdAway  will  somehow  make  your  cold  go 
away.  Of  course,  nothing  like  that  is  actually  said — it  is  inferred  because  we 
automatically  make  meaning  from  communications  and  fill  in  the  blanks 
in  ways  that  make  sense. 

Carefully  selected  words  in  advertisements  are  used  to  create  an  inference 
that  something  is  tme  when  it  is  not.  Airlines  and  other  businesses  often 
boast: 


'Nobody  beats  our  fares. 
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The  air  lines  (or  at  least  those  who  write  their  advertisements)  expect  that 
readers  will  infer  that  this  means  that  they  have  the  lowest  fares.  Of  course, 
they  never  state  that  they  have  the  lowest  fares  because  that  would  be  false. 
Nobody  beats  their  fares  because  nearly  all  of  the  fares  are  the  same.  They 
could  have  said,  “Our  fares  are  the  same  as  our  competitors."  But,  if  they 
said  it  that  way,  it  would  not  mislead  readers  into  believing  that  they  have 
the  lowest  fares,  and  consumers  would  correctly  conclude  that  it  does  not 
matter  which  airline  they  book  with  if  cost  is  the  sole  determining  factor. 
Always  consider  the  distinction  between  the  linguistic  content  of  the  mes- 
sage and  the  inference  you  draw  from  it. 

When  you  start  reading  and  listening  critically  to  advertisements,  you  may 
be  surprised  to  find  appalling  attempts  to  create  impressions  that  can 
change  beliefs.  It  is  fun  to  start  looking  carefully  at  what  advertisements 
actually  say  and  what  we  infer.  It  is  instructive  to  read  the  advertisements 
for  supposed  weight  loss  products  (e.g.,  cellulite  creams,  sauna  suits,  herbal 
wraps,  fat-burning  vitamins,  magic  formula  pills).  Even  the  ubiquitous 
"before  and  after"  photos  are  designed  to  create  the  inference  that  you  will 
lose  “30  or  more  pounds  in  two  weeks"  while  eating  anything  you  want 
and  without  “tedious"  exercise. 


The  ubiquitous  “studies  show"  is  lampooned  in  the  following  cartoon. 


Cognitive  psychologists  know  that  people  remember  the  implied  meaning 
of  a message,  and  not  the  actual  statements  that  were  made.  If  you  have 
already  read  the  chapter  on  the  development  of  memory  skills,  this  should 
not  be  surprising  to  you.  Meaningful  information  is  more  easily  remem- 
bered than  nonmeaningful  information.  We  rarely  remember  statements 
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Non  Sequitur  by  Wiley  Miller.  Used  with  permission  by  Universal  Press  Syndicate. 
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verbatim.  Thus,  our  memory  of  events  depends  on  the  interpretations  we 
give  them  when  they  occur. 


Rules  for  Clear  Communication 

“When  I use  a word,"  Humpty  Dumpty  said,  in  a rather  scornful  tone, 
"it  means  just  what  I choose  it  to  mean — neither  more  nor  less." 

"The  question  is,"  said  Alice,  "whether  you  can  make  words  mean  so 
many  different  things." 

"The  question  is,"  said  Humpty  Dumpty,  "which  is  to  be  master — ^that's  all." 

— Lewis  Carroll  (Through  the  Looking  Glass,  1872,  p.  190) 

To  communicate  effectively,  you  need  to  know  a great  many  things  in  ad- 
dition to  the  thought  being  communicated  and  the  words  being  used  as 
the  vehicle  for  the  communication:  What  is  the  purpose  of  the  communi- 
cation? What  are  your  listener's  characteristics — what  is  your  listener's  age 
and  social  status?  How  much  does  the  listener  know  or  want  to  know  about 
the  topic?  The  answers  to  all  of  these  questions  shape  the  nature  of  com- 
munications. We  implicitly  change  the  way  we  speak  or  write,  depending 
on  how  we  answer  these  questions,  and  we  make  these  changes  without 
realizing  the  extent  to  which  the  listener  shapes  our  use  of  language.  Com- 
munication is  governed  by  rules  that  we  all  obey,  although  you  may  never 
have  consciously  considered  them. 


Rule  1:  Tell  listeners  what  you  believe  they  want  to  know 

Consider  how  you  would  answer  a simple  question  like,  "Where  do  you 
live?"  If  1 met  you  in  Europe  and  asked  you  this  question,  you  would  prob- 
ably respond  with  the  name  of  your  country,  for  example,  "In  the  United 
States."  If  1 asked  you  this  question  in  New  York,  you  would  respond  with 
the  name  of  a state,  "In  Pennsylvania."  If  I asked  you  the  same  question  on 
your  college  campus,  you  might  respond,  "In  the  dorms."  If  I asked  you 
this  question  while  we  were  in  the  dorms,  you  might  respond,  "In  Wing  D, 
Room  331."  And,  if  I asked  you  this  question  in  your  dorm  room,  you 
would  probably  reply  by  giving  the  name  of  your  hometown.  The  same 
question  could  be  asked  each  time,  yet  you  would  give  a different  answer 
that  depended  on  the  context  in  which  the  question  is  asked  and  what  you 
thought  I wanted  to  know.  The  level  of  information  you  choose  to  convey 
depends  on  the  purpose  of  the  communication. 


120  The  Relationship  between  Thought  and  Language 


Rule  2:  Don't  tell  listeners  what  they  already  know 

In  the  first  chapter,  I began  by  introducing  the  topic  of  thinking  and  the 
need  for  the  development  of  critical  thinking  skills.  You  probably  did  not 
think  that  this  was  unusual.  Suppose  I started  every  chapter  in  this  book 
the  same  way.  You  would  not  only  think  that  this  was  unusual,  you  may 
also  question  my  mental  status. 

When  you  present  information  to  an  audience,  you  balance  the  amount  of 
new  information  that  you  present  with  the  old  or  already  known  informa- 
tion. If  you  present  too  much  new  information  at  once,  listeners  will  be 
lost  and  will  not  be  able  to  extract  the  intended  meaning;  if  you  present 
too  much  old  or  known  information,  listeners  will  be  bored.  The  relative 
proportion  of  old  information  to  new  information  is  known  as  the  given/ 
new  distinction. 

The  ratio  of  given  or  known  information  to  new  information  is  a determi- 
nant of  the  difficulty  of  a communication.  If  a passage  (spoken  or  written) 
contains  too  much  new  material  for  a listener  or  reader,  it  will  be  difficult 
to  comprehend.  No  one  would  take  an  advanced  course  in  biochemistry 
without  first  obtaining  the  requisite  background  in  biology  and  chemistry. 
The  educational  process,  if  successful,  fosters  the  transformation  of  new 
information  into  the  students'  systems  of  known  information.  This  simple 
fact  is  often  overlooked  and  communication  fails.  Have  you  ever  had  the 
experience  of  listening  to  a physician  explain  the  cause  or  treatment  of  a 
health  problem  and  been  lost  after  the  first  sentence  or  two?  Few  physi- 
cians are  skilled  at  understanding  what  their  patients  are  likely  to  know 
about  medicine,  so  they  often  use  unfamiliar  terms  and  assume  that  their 
patients  have  better  medical  knowledge  than  they  actually  do.  The  result  is 
miscommunication,  which  can  have  disastrous  consequences. 


Rule  3:  Vary  the  style  of  your  communication,  depending  upon  the 
knowledge,  age,  and  status  of  the  listeners 

Suppose  you  are  an  expert  computer  programmer  given  the  task  of  describ- 
ing the  operations  of  a computer  center  to  a group  of  visitors.  You  would 
vary  the  way  you  convey  the  necessary  information  for  each  of  the  follow- 
ing: a group  of  politicians;  a group  of  children  from  an  elementary  school; 
your  history  professor;  a close  friend;  or  an  expert  programmer  from  an- 
other university. 
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Your  communication  would  be  more  or  less  technical  depending  on  what 
you  believe  your  listener  knows  about  the  topic.  You  might  tell  the  politicians 
about  the  high  costs  of  maintaining  a computer  center;  the  elementary 
school  children  might  simply  be  told  about  the  general  use  of  computers;  you 
might  explain  to  your  history  professor  how  computers  can  be  used  in  re- 
search; your  close  friend  might  be  told  that  you  feel  you're  being  underpaid; 
and  the  visiting  programmer  might  be  told  about  the  capacity  of  the  comput- 
ers and  the  steps  you  have  taken  to  prevent  the  spread  of  computer  viruses. 

The  readability  of  text  or  ease  with  which  spoken  language  is  understood 
depends,  in  large  part,  on  the  match  between  the  text  and  the  reader.  The 
reason  so  many  of  us  find  income  tax  and  legal  documents  so  difficult  is 
that  they  are  written  by  and  for  accountants  and  lawyers — people  with 
highly  differentiated  underlying  representations  of  the  topics  referred  to  in 
these  documents.  The  rest  of  us  have  to  make  many  more  inferences  and 
more  memory  searches  to  understand  the  concepts  because  our  underlying 
representations  of  these  concepts  are  relatively  sparse.  This  is  why  when- 
ever we  are  engaged  in  communication,  it  is  important  to  consider  the 
characteristics  of  the  reader  or  listener.  This  is  a more  formal  way  of  saying 
that  the  beliefs,  knowledge,  and  expectations  of  the  intended  audience  for 
a communication  should  determine  how  much  detail  goes  into  a commu- 
nication and  which  words  are  used.  The  difficulty  of  a text  does  not  reside 
in  the  text  itself,  but  in  the  reader-text  interaction. 

The  idea  that  what  people  understand  depends  on  what  they  already  know 
was  beautifully  made  in  a book  written  for  young  readers.  It  is  a tale  about 
a fish  who  gets  to  learn  about  the  world  above  the  sea  as  it  is  explained  to 
him  by  a friendly  frog  (Lionni,  2005).  When  the  frog  tells  of  humans  who 
walk  upright,  we  see  the  fish's  mental  image  of  walking  fish.  The  story  goes 
on  to  show  how  each  description  of  the  dry  world  would  be  interpreted  by 
a learner  who  only  knew  of  the  water  world.  No  matter  how  accurate  the 
description,  the  fish's  understanding  was  strictly  limited  by  his  own  life 
experiences  and  knowledge  of  the  world.  A depiction  of  what  the  fish 
thought  a cow  would  look  like  is  shown  in  Figure  3.2 

Rule  4:  Tell  the  truth 

When  we  communicate  with  each  other,  it  is  assumed  that  the  information 
being  conveyed  is  truthful.  This  is  an  imperative  for  meaningful  communica- 
tion. Of  course,  sometimes  people  lie.  How  do  you  process  information  when 
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Figure  3.2  Lionni's  Fish  is  Fish.  When  a friendly  frog  tells  a fish  about  cows,  the  fish 
envisions  a cow  that  looks  a lot  like  the  fish.  The  reality  that  we  each  construct  for  our- 
selves is  based  on  what  we  know  about  the  world,  and  when  our  knowledge  is  limited, 
so  is  our  perception  of  reality.  (From  Fish  is  Fish  by  Leo  Lionni,  copyright  © 1970  by  Leo 
Lionni.  Copyright  renewed  1998  by  Leo  Lionni.  Used  by  permission  of  Alfred  A.  Knopf, 
an  imprint  of  Random  House  Children's  Books,  a division  of  Random  House,  Inc.  Any 
third  party  use  of  this  material,  outside  of  this  publication,  is  prohibited.  Interested  par- 
ties must  apply  directly  to  Random  House,  Inc.  for  permission.) 


you  believe  that  the  speaker  may  be  lying?  All  components  of  the  communi- 
cation are  scrutinized,  in  general,  the  communication  process  breaks  down 
when  the  listener  suspects  that  the  speaker  is  violating  this  rule.  This  loss  of 
communication  is  eloquently  described  by  Chang  (1993)  in  her  description 
of  life  during  Mao's  reign  over  communist  China,  a time  when  no  one  dared 
to  speak  the  truth:  "The  whole  nation  slid  into  doublespeak.  Words  became 
divorced  from  reality,  responsibility,  and  people's  real  thoughts.  Lies  were 
told  with  ease  because  words  had  lost  their  meaning"  (p.  298). 


Rule  5:  Use  a simple  straightforward  style 

Mark  Twain  said  this  best  when  he  said,  "Eschew  surplusage."  Information 
is  transmitted  best  when  simple  and  precise  language  is  used.  Some  people 
think  that  the  use  of  multisyllabic  words  and  intricate  sentence  structures 
is  a sign  of  intelligence.  This  is  not  true,  it  is  a far  more  difficult  task  to  ex- 
press complex  thoughts  in  simple  language  than  to  express  simple  thoughts 
in  complex  language.  The  transformation  of  our  private  thoughts  into  eas- 
ily understood  language  is  the  benchmark  of  human  cognition.  Sloppy 
thinking  can  never  be  made  good  even  with  the  most  flowery  language. 


The  Relationship  between  Thought  and  Language  123 


Rule  6:  Use  context  and  manner  to  clarify  meaning 

Meaning  depends  not  only  on  the  words  that  we  use,  but  also  on  the  con- 
text and  the  manner  we  use  to  convey  it.  Have  you  ever  had  the  experience 
of  having  someone  say,  "ITl  be  happy  to  do  that  for  you"  in  a manner  that 
clearly  showed  that  she  was  most  unhappy? 

Context  is  a critical  aid  for  comprehension.  "The  food  is  on  the  table"  can 
be  an  invitation  to  eat  or  a simple  descriptive  statement,  depending  on  the 
context.  Context  is  also  used  to  decide  which  of  two  possible  meanings  is 
the  intended  meaning  of  an  ambiguous  sentence. 

Ekman  (1992)  speaks  of  "lying  truthfully,"  that  is,  literally  telling  the  truth 
while  leaving  the  listener  with  the  opposite  impression.  For  example,  he  tells 
about  a man  who  had  been  unfaithful  to  his  wife  for  years  without  getting 
caught.  He  had,  on  several  occasions,  taken  money  from  her  purse  to  buy 
flowers  for  other  women.  Each  time  he  did  this,  she  noticed  the  missing 
money  and  innocently  commented  to  him:  "1  could  have  sworn  1 had  an 
extra  $50  in  my  purse;  1 must  have  lost  it."  Finally,  one  day  she  suspects  that 
her  partner  has  been  unfaithful  to  her  because  she  finds  matches  from  a local 
hotel  in  his  coat  when  she  takes  it  to  the  cleaner.  When  she  confronts  him 
about  this,  he  "honestly  lies,"  by  retorting:  "Right.  I've  been  having  a torrid 
affair  during  my  lunch  breaks;  and  do  you  remember  those  times  you 
thought  you  had  lost  money?  Well,  you  didn't.  I've  been  stealing  your 
money  to  buy  my  noon-time  lovers  gifts.  And,  let  me  see,  what  other  igno- 
minities  have  1 omitted?"  This  man  just  made  a complete  confession,  yet  the 
intent  was  to  mislead  his  wife  by  casting  it  in  irony.  Intonation  matters! 

Here's  another  example:  suppose  you  are  asked  to  write  a letter  of  recom- 
mendation for  someone  you  do  not  want  to  recommend.  Of  course  you 
could  just  decline  the  request,  but  what  if  you  really  wanted  the  person 
who  did  the  asking  to  get  a job  somewhere  else.  You  could  write,  "1  cannot 
tell  you  how  happy  1 am  to  write  this  letter  of  recommendation  for  Ama 
Zlotsky."  The  impression  is  that  you  are  happy  to  recommend  her,  but  the 
actual  words  say  something  quite  different. 

Figure  3.3  is  a visual  demonstration  of  the  effect  of  context  on  what  we  see. 
You'll  find  that  you  have  no  difficulty  reading  any  of  the  words  in  Figure 
3.3.  Now  look  carefully  at  the  letters  that  make  up  the  words.  The  "H"  in 
"the"  is  the  same  form  as  the  "A"  in  "cat,"  yet  you  may  not  have  noticed 
this  unless  1 pointed  it  out  to  you.  Similarly,  the  way  we  perceive  the  other 
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"inky"  letters  depends  on  the  rest  of  the  letters  that  make  up  the  word 
context.  Context  provides  strong  cues  that  guide  the  way  we  construct 
knowledge  about  the  nature  of  the  world. 


Analogy  and  Metaphor 

Midway  between  the  unintelligible  and  the  commonplace,  it  is  meta- 
phor which  most  produces  knowledge. 

— Aristotle  (Rhetoric  III,  1410b) 

One  exception  to  the  rule  that  the  words  used  to  convey  a message  should 
correspond  to  their  intended  meaning  is  the  use  of  analogy  and  metaphor. 
(The  English  grammatical  distinction  between  analogy,  metaphor,  and 
simile  is  not  being  considered  here  because  it  is  irrelevant  in  this  context.) 
If  I tell  you  that  "Myrtle  is  a hard-headed  woman,"  the  literal  translation  is 
not  the  one  intended.  In  this  case,  the  receiver  must  use  his  knowledge 
about  the  referent  topic  (hard  surfaces)  and  "map"  the  relevant  knowledge 

TAE  CAT 

SROT 

£ISH 

DE0T 

Figure  3.3  Examples  of  the  ways  context  influences  meaning.  Notice,  for  example, 
that  the  "D"  in  "RED"  is  identical  to  the  "B"  in  "DEBT."  (Adapted  from  Rumelhart,  D.  E., 
McClelland,  J.L.,  and  the  PDP  Research  Group.  [1986].  Parallel  distributed  processing. 
Cambridge,  MA:  The  MIT  Press,  p.  8.) 
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onto  his  knowledge  of  Myrtle.  Although  you  certainly  have  never  met 
Myrtle,  and  you  may  never  have  heard  the  expression  "a  hard-headed 
woman,"  you  can  probably  tell  me  that  she  is  a stubborn,  strong-willed 
person.  You  came  to  this  understanding  by  taking  your  knowledge  of  hard 
surfaces,  selecting  characteristics  of  hard  surfaces  that  might  be  relevant  to 
a description  of  a person,  and  transferring  that  knowledge  to  what  you  al- 
ready know  about  Myrtle. 


Using  Analogies  as  an  Aid  to  Understanding 

Analogies  are  pervasive  in  human  thought.  Whenever  we  are  faced  with  a 
novel  situation,  we  seek  to  understand  it  by  reference  to  a known  familiar 
one.  When  we  think  by  analogy,  we  map  the  underlying  structure  of  a 
known  topic  onto  the  target  or  unknown  topic.  This  mental  process  is 
known  as  "structure  mapping"  (Wolff  & Center,  2011).  Structure  mapping 
assumes  network-like  representations  of  concepts  in  memory  in  which 
underlying  structural  relationships  and  surface  attributes  (physical  charac- 
teristics) are  coded  along  with  each  concept.  For  example,  when  we  read 
that  an  atom  is  like  a miniature  solar  system,  the  implication  is  that  the 
solar  system  and  the  atom  have  similar  relationships  between  their  compo- 
nent parts — smaller  bodies  revolving  around  a larger  one  in  fixed  path  pat- 
terns. Other  aspects,  such  as  surface  similarity  (e.g.,  the  sun  is  hot  and  large 
and  contains  burning  gases)  are  not  implied.  Analogies  can  be  a useful  tool 
in  the  comprehension  and  recall  of  scientific  passages  (Guerra-Ramos, 
2011;  Halpern,  Hansen,  & Riefer,  1990).  Other  examples  that  have  been 
used  to  teach  scientific  concepts  to  elementary  school  students  are  (a)  the 
function  of  enzymes  is  like  a lock  and  key;  (b)  the  heart  is  like  a system  of 
buckets  and  pumps;  and  (c)  the  circulatory  system  is  like  a railway.  When 
students  read  technical  passages  that  contained  appropriate  analogies  to 
familiar  topics,  they  scored  higher  on  tests  of  comprehension  and  recall 
than  a control  group  of  students  who  read  the  same  passage  without  the 
analogy. 

All  analogies  and  metaphors  state  that  two  concepts  are  alike  in  some  way. 
Good  analogies  have  similar  underlying  structures  even  when  the  topics 
are  highly  dissimilar.  They  maintain  much  of  their  underlying  structure  in 
the  transfer  from  base  (known)  to  target  (unknown)  domains,  while  surface 
features  are  of  minimal  importance.  Poor  analogies  are  ones  in  which  only 
surface  or  superficial  characteristics  are  similar.  If  I said  that  Myrtle  is  like 
milk  because  they  both  start  with  the  letter  m,  I would  be  using  a very  poor 
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analogy.  Whenever  you  encounter  an  analogy,  you  need  to  consider  the 
nature  of  the  similarity  relationship.  Are  the  two  concepts  similar  in  their 
underlying  structure  so  that  relevant  information  about  one  concept  can 
be  used  to  understand  the  other  concept,  or  is  the  similarity  trivial? 

Using  Analogies  as  Problem-Solving  Aids.  What  do  you  do  when  you  are 
faced  with  a problem  that  has  no  obvious  solution?  1 address  this  question 
in  more  detail  in  the  chapter  on  problem  solving,  but  one  strategy  that  is 
appropriate  to  consider  here  is  the  use  of  a solution  that  is  borrowed  from 
a problem  with  a similar  structure,  often  from  a very  different  domain  of 
knowledge.  The  conditions  under  which  people  do  and  do  not  recognize 
and  use  analogous  solutions  for  problems  from  very  distant  domains  of 
knowledge  has  been  the  subject  of  much  research  (e.g.,  Bearman,  Ball,  & 
Ormerod,  2007).  in  order  for  this  strategy  to  "work,"  the  problem  solver 
must  recognize  that  the  essential  characteristics  of  the  two  problems  are 
similar,  despite  the  fact  that  the  topics  may  be  very  different. 

Consider,  for  example,  the  problem  of  bonding  (gluing)  two  surfaces  dur- 
ing dental  surgery.  All  bonding  substances  require  a dry  surface  for  bond- 
ing, and  the  mouth  is  a wet  environment.  How  can  this  problem  be  solved? 
The  use  of  the  small  towels  or  "teeth  driers"  does  not  work  well  during  oral 
surgery,  which  can  involve  profusive  bleeding  and  the  production  of  much 
saliva.  Some  creative  dental  surgeon  looked  for  similar  problems  in  other 
domains.  He  or  she  (1  don't  know  the  identity  of  this  unsung  critical 
thinker)  studied  the  way  barnacles  attach  themselves  to  piers  and  other 
surfaces  in  the  ocean.  The  adaptive  barnacle  displaces  the  water  (sort  of 
moves  it  aside)  from  the  small  area  to  which  it  (she  or  he?)  is  attaching. 
This  displacement  of  fluids  has  been  modified  for  use  in  dentistry,  if  you 
are  like  most  people,  you  will  agree  that  any  discovery  that  makes  dental 
surgery  quicker  and  more  successful  is  a welcome  advance,  in  this  example, 
the  problem  solver  considered  the  similarities  in  the  two  problems  of  bond- 
ing in  wet  environments  and  then  adapted  a solution  from  one  domain 
(barnacles  in  the  ocean)  to  a very  different  one  (dental  bonding),  in  this 
way,  an  analogy  was  used  to  solve  a problem. 

Dunbar  (2001)  investigated  the  use  of  analogies  in  real-life  settings  where 
experts  in  a field  solve  real  problems,  not  the  artificial  ones  that  cognitive 
psychologists  create.  He  found  very  different  results.  Real  experts  involved 
in  solving  problems  that  are  important  to  them  use  analogies  that  share 
"deep  structural  features"  (p.  126).  Scientists  generate  anywhere  from  be- 
tween 3 to  15  analogies  in  a one-hour  laboratory  meeting,  with  the 
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majority  coming  from  the  domain  in  which  they  are  working.  Dunbar 
concluded  that  analogies  focusing  on  relational  features  are  frequently 
used  to  help  solve  problems.  More  recent  research  found  that  novices  can 
and  do  use  analogies,  and,  like  experts,  they  use  them  to  solve  problems 
and  to  illustrate  a situation  (Bearman  et  ak,  2007).  It  seems  that  research 
done  in  laboratory  settings  underestimated  the  extent  to  which  people  use 
analogies  as  part  of  their  everyday  thinking. 


Using  Analogies  to  Persuade 

Analogies  prove  nothing,  but  they  make  us  feel  right  at  home. 

— Sigmund  Freud  (quoted  in  Rothy,  2009,  p.  12) 

In  the  classic  movie.  Dead  Poets  Society,  the  unlikely  hero,  Robin  Williams, 
who  plays  a high  school  teacher  of  English,  asks  his  class  of  young  men, 
“What  is  the  purpose  of  language?"  After  a short  period  of  silence,  a stu- 
dent yells  out  the  obvious  answer,  "to  communicate."  Of  course,  this  is  not 
the  correct  answer  in  the  movie.  The  hero-English-teacher-character  re- 
sponds that  the  purpose  of  language  is  to  "woo  women."  An  important 
point  is  made  in  this  fictional  exchange  between  student  and  teacher.  The 
purpose  of  language  is  to  persuade — to  change  how  and  what  people 
think.  We  use  language  to  persuade  others  to  like  or  date  us  (as  expressed 
in  this  movie),  to  alter  or  maintain  political  beliefs  (e.g.,  capitalism  is 
good),  or  to  convince  someone  to  make  a purchase  (e.g.,  a particular  brand 
of  jeans). 

We  frequently  use  analogies  to  persuade  someone  that  X is  analogous  to  Y, 
therefore  what  is  true  for  X is  also  true  for  Y.  A good  example  of  this  sort 
of  "reasoning  by  analogy"  was  presented  by  Bransford,  Arbitman-Smith, 
Stein,  and  Vye  (1985).  They  described  a legal  trial  in  the  book.  Till  Death  Us 
Do  Part  (Bugliosi,  1978).  Much  of  the  evidence  presented  at  the  trial  was 
circumstantial.  The  attorney  for  the  defense  argued  that  the  evidence  was 
like  a chain,  and  like  a chain,  it  was  only  as  strong  as  its  weakest  link.  He 
went  on  to  argue  that  there  were  several  weak  links  in  the  evidence;  there- 
fore, the  jurors  should  not  convict  the  accused.  The  prosecutor  also  used 
an  analogy  to  make  his  point.  He  argued  that  the  evidence  was  like  a rope 
made  of  many  independent  strands.  Several  strands  can  be  weak  and  break, 
and  you  will  still  have  a strong  rope.  Similarly,  even  though  some  of  the 
evidence  was  weak,  there  was  still  enough  strong  evidence  to  convict  the 
accused.  (The  prosecutor  won  the  case.) 
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Information  found  on  a website  for  "persuasive  litigators"  reminds  them 
that  it  is  not  easy  for  a judge  or  jury  to  forget  or  ignore  an  analogy  "that 
seems  to  perfectly  boil  down  the  case"  (Broda-Bahm,  2010,  para.  1).  The 
authors  of  this  website  offer  this  example,  "A  smoke  detector  that  stops 
working  due  to  a simple  short  circuit  is  like  a life  preserver  that  keeps  you 
afloat  until  it  gets  wet."  Now  suppose  that  you  are  on  a jury  deciding 
about  the  culpability  of  a company  that  made  a smoke  detector  and  that 
detector  did  not  work  properly  because  of  a short  circuit.  Does  this  anal- 
ogy make  it  more  likely  that  you  would  award  a larger  amount  of  money 
to  someone  who  was  injured  because  of  a faulty  smoke  detector?  Of 
course,  that  is  the  intent  of  the  analogy.  The  legal  advisors  who  recom- 
mend the  use  of  analogies  wisely  add  that  like  all  legal  persuasion,  and  I 
would  add  all  communication,  the  success  of  an  analogy  depends  on  how 
you  use  it. 

Some  analogies  are  just  plain  bad — sometimes  hilariously  funny.  I have  an 
unattributed  email  that  claims  to  contain  the  winners  of  a high  school 
contest  for  the  "worst  analogy."  I don't  know  if  there  ever  was  such  a con- 
test, or  if  these  are  winning  entries,  but  they  are  certainly  worthy  of  that 
dubious  honor.  Here  are  two  attributed  to  "unknown":  "Her  vocabulary 
was  as  bad  as,  like,  whatever"  and  "The  red  brick  wall  was  the  color  of  a 
brick-red  Crayola  crayon." 

Politics  seem  to  be  a breeding  ground  for  analogies.  Rick  Santorum,  who 
campaigned  to  become  the  republican  candidate  for  U.S.  president  in  2012, 
explained  why  voters  who  did  not  support  him  in  the  primary  elections 
would  vote  for  him  for  president:  "I  always  tell  the  story  about  girls  coming 
into  the  dance  hall,  walking  past  us  and  taking  a turn  with  some  other 
better-looking  guys,  and  then  at  the  end  of  the  evening  there's  old  steady 
Eddie,  who's  not  flashy,  but  he's  the  guy  you  know  you  want  to  take  home 
to  Mom  and  Dad"  (2011).  Along  similar  lines,  consider  the  term  "RING," 
which  stands  for  Republican  in  Name  Only.  It  is  used  to  denigrate  republi- 
can candidates  that  are  more  middle-of-the  road  (another  analogy)  in  their 
politics.  A commentator  mused  that  "RING  has  become  an  epithet  of  ideo- 
logical enforcement,  spit  out  in  much  the  same  way  Mao  cursed  'running 
dog  capitalists'"  (Goldberg,  2011). 

Analogies  are  useful  thinking  strategies  in  many  different  contexts.  The 
deliberate  use  of  analogies  as  an  aid  to  solving  problems  and  enhancing 
creativity  is  discussed  in  greater  detail  in  later  chapters. 
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Words  and  their  Meanings 


Eight  years  after  resigning  as  president,  Richard  Nixon  denied  lying  but 
acknowledged  that  he,  like  other  politicians,  had  dissembled. 

— Paul  Ekman  (1992,  p.  25) 

Is  alcoholism  an  illness  or  is  it  the  lack  of  will  power  by  weak  people  who 
could  stop  drinking  if  they  really  wanted  to?  Is  drunkenness  a crime  that 
requires  punishment  or  a mental  health  condition  that  needs  treatment?  I 
have  frequently  been  asked  questions  like  these,  especially  by  students  who 
are  worried  about  or  disgusted  with  a loved  one  who  has  a drinking  prob- 
lem. There  are  many  important  aspects  to  this  question.  First,  the  answer 
to  the  question  of  whether  alcoholism  is  an  illness  depends  on  how  the 
term  "illness"  is  defined,  and  more  importantly,  who  gets  to  do  the  defin- 
ing. Second,  it  is  possible  that  alcoholism  would  fit  a definition  of  illness 
and  be  controllable  by  the  individual.  The  way  this  question  is  posed  re- 
veals many  unstated  assumptions  by  the  person  asking  the  question  re- 
garding the  nature  of  illness  and  alcoholism.  The  ramifications  of  the  way 
we  classify  alcoholism  are  important.  If  we  decide  that  it  is  a disease,  then 
it  is  destigmatized  and  treatment  could  be  paid  for  medical  insurance 
plans.  If  it  is  a criminal  offense,  then  alcoholics  can  expect  to  "do"  jail 
time,  or  at  least  fall  under  the  criminal  justice  system.  Medical  insurance 
does  not  cover  crimes.  The  answer  to  this  vexing  question  has  varied  over 
different  geographical  locations  and  throughout  history. 

Words  often  have  both  cognitive  and  emotional  meanings.  If  I name  my 
brand  of  cookies  "Mother's  Cookies,"  then  presumably  I am  activating 
some  of  the  emotional  attachment  you  feel  towards  your  mother  when  you 
think  about  my  cookies.  Furthermore,  if  I believe  that  most  people  will 
have  positive  emotions  towards  their  own  mothers  (at  least  when  men- 
tioned in  the  context  of  cookies),  then  "Mother's  Cookies"  would  be  a good 
name  for  my  cookies.  Of  course,  you  probably  know  that  most  store- 
bought  cookies  are  baked  in  huge  factories  by  people  who  may  or  may  not 
be  mothers.  I suppose  most  people  like  to  think  that  a mother-like  figure 
or  perhaps  a group  of  playful  elves  are  baking  something  tasty  for  them. 
The  popularity  of  these  marketing  strategies  suggests  that  it  is  good  busi- 
ness to  arouse  positive  emotional  reactions  toward  a product. 

Here's  a deliberate  attempt  to  affect  how  people  think  about  a military  ac- 
tion by  the  words  used  to  describe  it.  In  2011,  several  countries  sent 
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military  troops  to  Libya,  but  no  one  was  willing  to  use  the  term  "war." 
When  asked,  "Are  we  at  war  in  Libya  or  not?"  a spokesman  for  the  U.S. 
President  replied,  "It's  not  a war;  it's  a frontloaded  combat  mission  that's 
obviously  going  to  recede  into  a coalition"  (quoted  in  Catapano,  2011, 
paras.  13-14). 


Definitions  and  the  Control  of  Thought 

Need  Press?  Repeat:  "green,"  "sex,"  "secret"  "fat." 

— Joanne  Kaufman  (June  30,  2008) 

An  amazing  event  occurred  in  1973 — millions  of  mentally  ill  people  were 
suddenly  cured!  Well,  not  exactly.  What  happened  was  that  the  Ameri- 
can Psychiatric  Association  removed  "homosexuality"  from  its  list  of 
official  mental  disorders,  with  the  result  that  the  millions  of  homosexu- 
als were  no  longer  considered  mentally  ill.  The  American  Psychiatric  As- 
sociation maintains  the  powerful  position  of  deciding  which  categories 
of  human  behavior  and  emotion  should  be  defined  as  mental  illnesses  by 
listing  them  in  the  official  "handbook"  of  mental  disorders,  the  Diagnos- 
tic and  Statistical  Manual  {DSM;  American  Psychiatric  Association,  2013). 
This  determines  whether  an  individual  will  receive  medical  funding  for 
treatment,  whether  a judge  will  decide  to  commit  an  individual  to  a 
mental  facility  or  to  a prison,  and  whether  people  label  themselves  and 
others  as  "normal."  There  is  a raging  debate  over  proposed  changes  that 
appear  in  the  5th  edition  of  the  DSM.  One  proposal  is  that  the  diagnosis 
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of  autism  be  replaced  with  a range  of  disorders,  which  would  relabel 
some  disorders  as  a type  of  autism  (American  Psychiatric  Association, 
2012).  Psychologists,  psychiatrists,  support  groups,  insurance  companies, 
and  many  others  are  lining  up  to  support  or  protest  the  changes.  Labels 
are  powerful. 

Who  decides  what  a word  means?  Consider  the  defense  used  by  Italian 
Prime  Minister  Silvio  Berlusconi  in  2009.  The  story  is  somewhat  compli- 
cated, but  essentially  concerned  whether  senior  politicians  can  be  exempt 
from  prosecution.  The  lawyers  for  one  of  the  billionaire  politicians  argued 
that  "He  is  no  longer  first  among  equals,  but  ought  to  be  considered  first 
above  equals.  . . . The  law  is  equal  for  everyone,  but  not  always  in  its  ap- 
plication" (quoted  in  The  New  York  Times,  October  12,  2009).  This  pro- 
nouncement soon  became  known  as  the  "Animal  Farm  Defense"  because 
of  its  similarity  to  the  motto  in  George  Orwell's  novel,  "All  animals  are 
equal,  but  some  are  more  equal  than  others."  1 don't  know  about  you,  but 
this  defense  makes  me  want  to  scratch  my  head  and  say,  "huh!" 

Terms  that  are  heavily  laden  with  emotional  impact  often  elicit  strong  im- 
ages. If  you  have  already  read  the  chapter  on  memory,  then  you  recall 
(1  hope)  that  imagery  helps  to  maintain  a concept  in  memory,  a factor  that 
is  related  to  its  ability  to  elicit  strong  emotions.  This  fact  is  well  known  by 
propagandists  who  want  to  convince  the  masses  to  act  in  extreme  ways.  In 
Mein  Kampf,  Adolph  Hitler  used  expressions  like  "racial  brew,"  "purity  of 
the  blood,"  "poisoning  of  the  blood,"  and  "bastardization"  in  his  success- 
ful attempt  to  convince  millions  of  people  to  participate  in  the  killing  of 
millions  of  other  people  who  differed  from  them  in  their  religious  beliefs. 
Hitler  even  offered  the  "final  solution,"  which  means  that  he  found  a way 
to  solve  a problem:  his  solution  was  to  massacre  an  entire  religious  group. 
It  is  interesting  to  note  that  the  Nazis  studied  American  advertising  in  the 
1920s  to  develop  their  persuasive  techniques.  If  you  are  thinking  that  no 
contemporary  person  would  fall  prey  to  such  blatant  tactics  designed  to 
increase  racism,  you  have  not  read  the  papers  lately. 

Stop  now  and  consider  the  way  in  which  you  would  define  the  term 
"crime,"  if  you  had  the  power  to  write  the  definitions. 

* * * 


(Did  you  really  stop  and  try  to  define  what  you  think  the  word  "crime 
should  mean?)  Don't  go  on  until  you  try  this  simple  exercise. 
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According  to  Peck,  there  was  a famous  inmate  in  a federal  jail,  a gangster 
named  Louis  Lepke.  In  the  cell  next  to  his  was  a young  conscientious  ob- 
jector from  Iowa,  named  Lowell  Naeve.  Mr.  Naeve  tried  to  explain  what  a 
conscientious  objector  was  to  Mr.  Lepke.  Lepke  replied  incredulously,  “You 
mean  they  put  you  in  here  for  uot  killing?"  (quoted  in  Peck,  1986,  p.  146). 
Lepke  then  laughed  and  laughed.  Did  your  definition  of  crime  include  the 
crime  of  refusing  to  go  to  war?  Is  Mr.  Naeve  a criminal? 

Definitions  are  not  static  "truths."  Meanings  change  over  time  as  a func- 
tion of  technological  development,  changing  social  mores,  and  a drift  in 
the  way  words  are  used.  However,  it  is  not  true  that  a word  can  mean  any- 
thing that  anyone  wants  it  to.  There  is  an  advertisement  in  a large  city 
newspaper  for  a plastic  surgeon  who  “specializes  in  nose  reduction,  breast 
enlargement  and  reduction,  liposuction,  baggy  eyes,  weak  chins,  face  lifts, 
and  saddlebag  thighs."  Putting  aside  the  obnoxious  idea  that  every  body 
part  needs  “fixing,"  this  surgeon  claims  to  be  able  to  do  it  all.  How,  then, 
can  he  claim  to  be  a “specialist?"  The  word  is  being  misused  to  convey  the 
idea  that  he  has  great  depth  of  knowledge  and  experience  in  all  aspects  of 
plastic  surgery.  If  he  can  perform  many  types  of  plastic  surgery,  he  is  a gen- 
eralist. By  definition,  he  cannot  specialize  in  everything. 


The  Power  of  Labels  and  Categories 

As  I sat  with  friends  drinking  coffee  at  my  kitchen  table,  someone  yelled, 
“Kill  it,  kill  it!"  as  a very  large  bug  darted  across  the  floor.  “Yuk,  it's  a cock- 
roach." But  on  further  inspection,  we  found  that  it  was  not  a cockroach, 
but  a “cute  little  cricket."  A friend  scooped  up  the  cricket  in  a paper  cup 
and  gently  released  it  outdoors  while  my  daughter  ran  after  it  trying  to  feed 
it  lettuce  and  grass.  Why  was  it  disgusting  and  in  need  of  immediate  exter- 
mination when  we  believed  it  to  be  one  type  of  bug — a cockroach — and 
cute  and  in  need  of  saving  when  it  turned  out  to  be  another — a cricket? 

The  process  of  categorization  is  essential  in  understanding  the  world  and 
guiding  our  responses.  When  we  see  a bug,  or  a baby,  or  an  old  person,  or 
a professor,  we  use  our  knowledge  about  the  categories  to  which  they  be- 
long to  make  inferences  about  how  they  are  likely  to  act.  We  know  that  a 
baby  will  share  some  essential  features  with  all  babies.  It  will  sometimes  cry 
for  reasons  that  we  cannot  understand;  it  will  need  to  have  its  diaper 
changed;  it  will  slobber  and  coo.  Of  course,  every  baby  is  unique,  but,  for- 
tunately, we  can  use  our  knowledge  of  category  membership  to  know 
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something  about  every  baby.  This  is  fortunate  because  it  reduces  the  load 
on  memory  and  allows  us  to  understand  and  predict  what  will  happen 
when  interacting  with  any  baby.  The  process  of  categorization  is  an  exam- 
ple of  cognitive  economy,  which  means  that  it  is  a process  that  reduces 
the  mental  workload  and  makes  thinking  less  effortful.  Instead  of  having 
to  learn  a set  of  new  expectations  for  every  stimulus  with  which  we  come 
in  contact,  we  can  use  category  membership  to  reduce  the  uncertainty  in 
the  situation. 

Although  categories  are  necessary  in  dealing  with  the  large  variety  of  ob- 
jects in  the  world,  they  also  can  be  the  cause  of  serious  errors.  Not  all  mem- 
bers of  a category  are  the  same,  and  often  a stimulus  is  miscategorized. 
Stereotypes  result  from  several  cognitive  and  noncognitive  processes,  but 
one  clear  reason  that  they  persist  is  due  to  the  effect  of  categorical  think- 
ing. Think  about  a racial  or  religious  group  that  is  different  from  your  own. 
Describe  the  members  of  that  group.  You  will  find  that  general  terms 
emerge  that  clearly  do  not  apply  to  all  group  members,  and  may  not  even 
apply  to  any  group  members. 


Prototypical  Thinking 

At  the  local  baseball  game,  the  final  score  was  8-9,  yet  no  man  on  either 
team  ever  crossed  home  plate. 

How  is  this  possible? 

You  should  be  able  to  solve  this  riddle  fairly  easily  because  it  has  the  same 
structure  and  answer  as  a riddle  that  1 posed  in  the  first  chapter.  1 repeat  it 
here  to  make  a point.  We  tend  to  think  in  terms  of  prototypes  or  best 
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examples  of  a category.  Give  up?  The  game  was  played  in  an  all-women 
league.  For  those  of  you  who  could  not  solve  this  problem,  it  is  probably 
because  you  automatically  think  of  males  when  you  think  of  baseball  play- 
ers, just  as  in  the  first  chapter,  many  people  did  not  think  of  a woman 
when  the  physician  was  described  as  a neurosurgeon.  If  you  had  heard  the 
neurosurgeon  puzzle  before,  did  you  recognize  that  the  same  principle  was 
affecting  your  thinking  when  1 changed  the  riddle  so  that  it  pertained  to 
baseball  players?  Of  course,  you  know  that  women  play  baseball,  but  this 
does  not  readily  "come  to  mind." 

Although  1 have  never  met  you,  1 already  know  a great  deal  about  what  and 
how  you  think.  Let  me  demonstrate  this  with  an  exercise  devised  by  Decyk 
(1994).  For  each  of  the  following  categories,  give  a good  example,  in  fact, 
give  the  first  example  that  comes  to  mind: 


1. 

a bird 

2. 

a color 

3. 

a triangle  (a  picture  is  okay) 

4. 

a motor  vehicle 

5. 

a sentence 

6. 

a hero 

7. 

a heroic  action 

8. 

a game 

9. 

a philosopher 

10. 

a writer 

Are  you  finished?  Here  is  a list  of  your  most  likely  answers:  1.  for  a bird, 
you  probably  named  a robin  or  sparrow,  or  possibly  an  eagle;  2.  for  a color, 
you  most  likely  said  red  or  blue;  3.  for  your  triangle,  you  either  drew  or 
named  an  equilateral  triangle;  4.  for  a motor  vehicle,  you  probably  listed  a 
car;  5.  for  an  example  of  a sentence,  you  probably  wrote  a short  declarative 
sentence  (e.g..  The  girl  ran  home.);  6.  the  hero  you  named  is  most  likely 
one  of  the  following  males — Superman,  Batman,  or  possibly  a fireman;  7. 
the  heroic  action  you  named  probably  involved  a single  act  by  a male,  such 
as  a rescue  by  a fireman;  8.  most  likely  you  listed  Monopoly  as  an  example 
of  a game,  or  some  other  board  game;  9.  for  a philosopher,  you  probably 
named  Socrates  or  Aristotle;  10.  and  finally,  for  a writer,  you  probably 
named  Stephen  King,  but  if  you  named  someone  else,  it  is  very  probably  a 
White  male  author. 
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What  is  the  point  of  this  demonstration?  People  tend  to  think  in  terms  of 
prototypes  or  "best  examples"  of  a category.  Our  prototypes  vary  from 
culture  to  culture,  but  they  are  relatively  standard  within  a culture.  If  you 
live  in  Australia,  you  might  name  a "kiwi"  as  an  example  of  a bird,  a re- 
sponse that  would  be  very  unusual  for  Americans  or  Chinese.  Thinking  in 
terms  of  prototypes  biases  how  and  what  we  think.  When  we  think  about 
members  of  a category,  only  the  most  typical  exemplars  (examples  of  a cat- 
egory) readily  come  to  mind.  Consider  the  implications  of  the  finding  that 
most  people  name  only  living  White  males  as  an  example  of  a writer.  It 
means  that  we  carry  a standardized  "picture"  or  "definition"  of  those  char- 
acteristics that  writers  share  and  these  characteristics  are  restricted  with  re- 
gard to  time,  race,  and  sex.  Of  course,  different  answers  would  be  expected 
from  people  from  countries  other  than  the  United  States  or,  possibly,  other 
cultural  groups  within  the  same  country.  Most  Russians  would  probably 
name  Puskin,  or  less  probably,  Tolstoy  or  Chekhov,  if  they  were  asked  to  give 
an  example  of  a writer.  But,  regardless  of  what  the  particular  prototype  is, 
the  reliance  on  the  most  typical  member  of  a category  limits  thinking.  Few 
people  will  name  an  older  person  or  a child  or  a dog  when  asked  to  think  of 
a hero,  yet  old  people  and  children  and  even  dogs  (e.g..  Lassie)  can  and  do 
perform  heroic  acts.  The  most  commonly  named  philosophers  are  dead, 
Greek  males.  With  prototypes  like  this,  few  people  will  "think  of"  philoso- 
phy as  a popular,  contemporary  profession  that  is  open  to  all  ages  and  races. 


Language:  Tool  or  Master  of  Thought? 


Learn  a new  language  and  get  a new  soul. 

— Czech  proverb 

We  use  language  not  only  to  convey  our  thoughts,  but  also  to  mold  and 
shape  them.  Language  and  thought  are  inextricably  related  concepts  that 
exert  mutual  influences  on  each  other.  Some  psychologists  believe  that 
language,  at  least  in  part,  influences  thought.  Examples  of  this  concept 
were  presented  earlier  in  this  chapter  in  the  section  on  labeling  and  the 
way  labels  affect  how  we  think.  The  hypothesis  that  the  language  we  use 
affects  how  we  think  is  called  the  Sapir-Whorf  hypothesis  of  linguis- 
tic relativity,  or  more  informally,  the  Sapir-Whorf  hypothesis  (Sapir, 
1960;  Whorf,  1956). 

"How  do  1 know  what  1 mean  until  1 see  what  1 say?"  (Miller,  1972, 
p.  43).  In  a humorous  way,  this  question  examines  the  relationship 
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between  thought  and  language.  Although  it  seems  clear  to  most  people 
that  our  thoughts  influence  the  language  that  we  use,  it  is  sometimes 
more  difficult  to  understand  the  reciprocal  nature  of  the  relationship. 
Anthropologists  and  psychologists  have  studied  whether  people  who 
speak  different  languages  also  think  differently.  Perhaps  you  have  had 
the  experience  of  translating  a passage  from  one  language  to  another  and 
had  difficulty  conveying  exactly  the  same  meaning.  Jokes  are  a good 
example  of  this.  Ethnic  jokes  that  are  told  in  their  native  language  fre- 
quently lose  their  humor  when  they  are  told  in  translation.  Could  this 
indicate  that  ways  of  thinking,  as  reflected  in  language,  differ  across 
cultures? 

in  1984,  George  Orwell's  classic  book,  written  in  1949,  the  author  wrote 
about  a repressive  society  that  was  able  to  control  the  thoughts  of  its  citi- 
zenry by  redefining  some  words  and  removing  others  from  the  language. 
By  gaining  control  of  the  language,  this  futuristic  society  dictated  which 
thoughts  were  possible  and  which  were  not.  The  Orwellian  example  is  an 
extreme  interpretation  of  the  Sapir-Whorf  hypothesis  that  language  abso- 
lutely determines  thought,  it  is  an  alluring  idea  that  language  has  power 
over  the  mind  (Deutscher,  2010).  According  to  this  view,  if  a term  does  not 
exist  within  a language,  speakers  do  not  have  the  corresponding  thought, 
it  is  the  idea  that  your  mother  tongue  restricts  what  you  think.  Do  you 
believe  that  if  the  word  "love"  didn't  exist  in  our  language,  then  people 
wouldn't  be  able  to  feel  the  emotion  represented  by  the  word?  Cross- 
cultural  research  that  has  examined  the  way  different  languages  influence 
thought  has  not  supported  the  strong  version  of  the  Sapir-Whorf  hypoth- 
esis (Rosch,  1977).  Contemporary  psychologists  have  concluded  that 
"Whorf  was  half  right"  (Regier  & Kay,  2009,  p.  439):  language  influences 
but  does  not  determine  thinking.  As  an  example  of  this,  consider  the  fol- 
lowing terms  carefully  and  decide  if  each  elicits  a different  thought:  senior 
citizen;  old  man;  golden-ager.  Did  each  term  connote  a different  thought? 
Did  you  think  about  a different  type  of  person  with  each  word?  Most 
people  agree  that  they  did.  (See  Figure  3.4.). 


The  Direction  and  Misdirection  of  Thought 

All  words  are  pegs  to  hang  ideas  on. 

— Henry  Ward  Beecher  (1812-1887) 
Proverbs  from  Plymouth  Pulpit  (cited  in  Drysdale,  1887,  p.  33) 
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Senior  Citizen  Old  Man  Colden-Ager 


Figure  3.4  The  words  we  use  influence  how  we  think.  Compare  the  different  thoughts 
that  are  evoked  by  the  terms  "senior  citizen,"  "old  man,"  and  "golden-ager." 


Given  that  language  will  influence  what  we  think,  it  is  only  a short  leap  to 
suggest  that  language  can  be  used  in  deliberate  ways  to  shape  thinking  so 
that  it  conforms  to  a particular  ideology  or  point  of  view.  It  also  seems 
likely  that  if  we  understand  how  language  Is  used  to  direct  how  we  think, 
then  an  awareness  of  the  ways  in  which  this  occurs  should  help  us  to  resist 
the  automatic  type  of  thinking  that  goes  along  with  an  uncritical  approach 
to  communication. 


Emotional  Language  and  Name  Calling 

Slurs  are  uniquely  and  stubbornly  resistant  to  attempts  to  neutralize 
their  power  to  hurt  or  offend. 

— Ernie  Lepore  (2010,  para.  3) 

As  described  in  the  earlier  section  on  labeling,  the  same  event  can  be  de- 
scribed in  several  different  ways.  Yet,  the  words  we  use  to  describe  an  event 
are  not  interchangeable  in  the  meaning  they  convey.  Language  that  is 
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highly  emotional  has  a different  effect  on  readers  and  listeners  than  more 
mundane  ways  of  conveying  the  intended  meaning.  This  is  the  weaker  ver- 
sion of  the  Sapir-Whorf  hypothesis — ^while  language  may  not  determine 
thought,  it  directs,  and  sometimes  misdirects,  it.  Consider  the  heated  de- 
bate between  those  for  and  against  abortion.  The  faction  opposed  to  abor- 
tion realized  that  it  is  better  to  be  for  something  than  against  something 
and  therefore  decided  to  call  their  stance  "pro-life"  rather  than  "anti- 
choice." On  the  other  side,  those  who  favored  abortion  certainly  didn't 
want  to  be  called  "anti-life"  and  decided  to  label  their  stance  "pro-choice." 
They  hoped  that  people  would  think  differently  about  a position  that  is 
"pro-choice"  than  they  would  about  one  that  is  "anti-life."  Of  course,  the 
position  has  not  changed — only  its  label  or  name  has  changed,  but  pre- 
sumably the  way  the  position  is  labeled  influences  how  people  think  about 
it.  One  "pro-lifer"  told  a colleague  that  the  best  way  to  win  a debate  on  this 
topic  is  to  use  frequently  the  words  "kill"  and  "baby"  in  the  same  sentence 
(Kahane,  1992).  The  juxtaposition  of  these  two  words  is  sure  to  bring  about 
an  emotional  response. 

Another  example  of  the  deliberate  choice  of  words  to  create  a carefully 
planned  impression  concerns  the  "rewriting"  of  history.  All  history  texts 
(indeed,  everything)  were  written  by  someone  with  a particular  point  of 
view.  Recently,  the  word  "aggression"  was  taken  out  of  Japanese  history 
books  that  described  World  War  II  invasions.  Do  the  same  descriptions  of 
an  act  seem  "better"  in  some  sense  when  they  are  not  modified  by  the 
word  "aggressive?"  The  contemporary  Japanese  historians  who  asked  for 
this  deletion  apparently  think  so.  Similarly,  Russian  historians  are  now 
using  harsher  terms  to  describe  Stalin's  role  when  he  was  the  leader  of  the 
former  Soviet  Union.  They  now  know  and  are  free  to  say  that  Stalin  slaugh- 
tered millions  of  innocent  Russians  whose  "crime"  was  to  disagree  with  his 
policies.  Such  people  were  officially  labeled  "enemies  of  the  state,"  a label 
that  was  meant  to  instill  fear  in  the  individual  who  received  such  a label 
and  to  convey  to  everyone  else  that  disagreement  with  Stalin's  official  poli- 
cies would  be  considered  an  act  of  treason. 

The  lesson  is  clear:  when  you  want  to  influence  how  people  think, 
choose  your  words  carefully.  You  also  need  to  be  aware  of  the  ways  in 
which  other  people  attempt  to  manipulate  your  thoughts  by  the  labels 
they  use.  The  deliberate  use  of  words  designed  to  create  a particular  at- 
titude or  foster  certain  beliefs  is  called  semantic  slanting.  The  mean- 
ing or  semantics  is  slanted  so  that  the  listener's  thoughts  will  be  directed 
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in  some  way.  It  is  fairly  easy  to  find  examples  of  this  around  election 
time  when  issues  and  groups  label  themselves  with  favorable  terms  and 
others  with  negative  terms  (name  calling).  Be  wary  of  attempts  to  influ- 
ence your  thinking  through  the  use  of  positive  and  negative  labels,  es- 
pecially on  the  important  issues  that  concern  social  and  political 
policies.  I received  a political  solicitation  that  may  be  among  the  most 
blatantly  slanted  in  the  choice  of  words  that  it  used.  The  outside  of  the 
envelope  read,  "The  bloated,  blathering  bottom-feeders  of  big  govern- 
ment hope  that  you'll  never  uncover  these  secrets."  For  some  reason,  I 
didn't  expect  to  find  reasoned  and  impartial  information  inside  the  en- 
velope. Would  you? 


Ambiguity,  Vagueness,  and  Equivocation 

The  thinking  process  can  also  be  misled  when  words  are  imprecise  or  mis- 
used. Words  are  ambiguous  when  they  can  have  multiple  meanings  de- 
pending on  context,  and  the  appropriate  meaning  is  unclear  in  a given 
context.  Although  ambiguous  words  have  multiple  meanings,  vague  words 
have  imprecise  meanings.  Vagueuess  refers  to  a lack  of  precision  in  a com- 
munication. Consider  the  "clarification"  provided  by  Justice  Brennan  of 
the  U.S.  Supreme  Court  when  he  provided  a working  definition  that  would 
assist  those  in  the  legal  process  of  determining  the  sort  of  punishment  that 
is  cruel  and  unusual.  As  you  probably  know,  punishment  that  is  cruel  and 
unusual  is  prohibited  by  the  U.S.  Constitution.  But,  we  have  little  guidance 
for  determining  what  makes  a punishment  cruel  and  unusual.  He  offered, 
"a  punishment  is  cruel  and  unusual ...  if  it  does  not  comport  with  human 
dignity."  Such  a definition  will  not  help  a judge  or  jury  decide  whether  a 
particular  punishment  is  cruel  and  unusual.  Justice  Brennan's  comments 
are  much  too  vague  to  be  useful.  It  is  not  any  easier  to  determine  which 
actions  do  not  comport  with  human  dignity  than  it  is  to  decide  if  they  are 
cruel  and  unusual.  A communication  is  vague  if  it  does  not  specify  enough 
details  for  its  intended  purpose. 

There  is  legislation  in  California  that  requires  that  warning  notices  be 
posted  in  all  places  where  the  public  may  come  in  contact  with  cancer  caus- 
ing chemicals.  The  sign  designed  for  gas  stations  is  shown  in  Figure  3.5. 

As  you  can  see,  the  signs  are  too  vague  to  be  of  value.  There  is  no  informa- 
tion about  the  level  of  risk,  or  the  likelihood  of  developing  cancer,  or  how 
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Warning 

Detectable  amounts  of  chemicals 
known  to  the  State  of  California 
to  cause  cancer,  birth,  defects, 
or  other  reproductive  harm  may 
be  found  in  and  around  this 
facility. 


Figure  3.5  An  example  of  vagueness.  California  law  requires  that  warning  signs  be 
posted  in  all  places  where  consumers  come  in  contact  with  cancer-causing  chemicals. 
Signs  like  this  one  are  being  used  at  all  gas  stations.  The  information  they  convey  is  too 
vague  to  be  meaningful. 

long  you  would  have  to  be  exposed  to  these  chemicals  to  reach  some  level 
of  risk.  There  is  no  way  to  use  this  information  to  make  a meaningful  deci- 
sion about  whether  the  risk  is  so  high  the  area  should  be  avoided.  This  is  a 
clear  example  of  a deliberately  unclear  communication.  The  gasoline  com- 
panies were  opposed  to  this  law  and  have  registered  their  complaint  by 
posting  the  required  signs  but  not  providing  the  public  with  interpretable 
information. 

Vagueness  is  sometimes  a socially  polite  way  of  handling  an  unpleasant 
situation,  if  you  ask  someone  about  her  divorce  you  may  get  a vague  re- 
sponse like,  “We  were  incompatible"  rather  than  a more  precise,  but  less 
acceptable,  “The  stinking  rat  cheated  every  chance  he  could  get." 

Equivocation  occurs  when  the  meaning  of  a word  is  changed  in  the 
course  of  the  same  discussion,  and  thus  is  different  from  ambiguity  or 
vagueness.  Consider  the  following  “line  of  reasoning":  (Reasoning  will  be 
considered  more  fully  in  the  next  chapter.) 

1.  Man  is  the  only  rational  animal. 

2.  No  woman  is  a man. 

3.  Therefore,  no  woman  is  rational.  (Darner,  1987) 

The  meaning  of  the  word  “man"  changed  from  the  first  to  the  second  sen- 
tence. in  the  first  sentence,  “man"  stood  for  all  of  humanity — both  female 
and  male,  in  the  second  sentence,  it  was  used  as  a sex  specific  term,  with 
females  conveniently  omitted. 
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There  is  a classic  comedy  sketch  by  Abbott  and  Costello  called  "Who's  on 
First?"  In  this  sketch,  Abbott  names  the  players  on  a baseball  team.  The 
name  of  the  player  on  first  base  is  "Who."  Costello  repeatedly  asks  the 
name  of  the  player  on  first  base.  Abbott  responds,  "Who  is  on  first  base." 
You  can  imagine  how  they  go  back  and  forth  asking,  "Who  is  on  first 
base?"  and  getting  the  response  that  "Who  is  on  first  base." 


Etymology  and  Reification 

These  two  terms  both  concern  word  meanings.  Etymology  is  the  study  of 
word  origins.  It  is  often  interesting  to  learn  how  language  evolved  and 
developed.  However,  it  is  wrong  to  conclude  that  a word  has  a particular 
meaning  or  nuance  based  on  the  word  from  which  it  was  derived.  Con- 
sider, for  example,  the  use  of  the  word  "gay"  to  refer  to  homosexual  men. 
The  word  is  commonly  used  today  to  denote  pride  and  other  positive  at- 
tributes of  male  homosexuals.  The  origin  of  the  word  was  quite  different. 
The  word  "gay"  was  derived  from  a definition  meaning  "wanton  and  licen- 
tious." It  would  be  wrong  to  conclude  that  gays  are  therefore  wanton  and 
licentious.  Language  is  a living  entity  and  word  definitions  evolve  and 
change.  Returning  to  a word's  origins  to  find  its  contemporary  meaning  is 
like  studying  the  writings  of  Karl  Marx  to  understand  how  modern  com- 
munism is  practiced  in  Cuba. 

Reification  is  a more  difficult  concept  to  explain.  Reification  occurs 
when  something  abstract  is  given  a name  and  then  treated  as  though  it 
were  a concrete  object.  Consider  the  idea  of  "mother  nature."  You  have 
probably  heard  the  saying  that  you  cannot  fool  mother  nature.  We  tend  to 
treat  the  idea  of  a human  force  of  nature  as  though  it  had  a physical  reality 
when  it  is  an  abstract  concept.  There  is  no  "mother  nature"  or  "father  na- 
ture" for  that  matter.  Perhaps  the  most  obvious  case  of  reification  involves 
the  concept  of  intelligence,  where  intelligence  tests  yield  "IQ"  scores  that 
are  said  to  measure  it,  and  then  IQ  is  used  as  though  it  were  the  physical 
embodiment  of  intelligence. 


Bureaucratese  and  Euphemism 

Two  language  barriers  to  comprehension  are  bureaucratese  and  euphe- 
mism. Bureaucratese  is  the  use  of  formal,  stilted  language  that  is  unfa- 
miliar to  people  who  lack  special  training.  The  same  information  can  be 
expressed  better  with  simpler  terms.  Bureaucratese  is  different  from  the  use 
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of  precise  technical  terms  that  may  be  needed  in  specialized  disciplines;  in 
bureaucratese,  the  style  and  language  hinders  our  understanding  instead  of 
aiding  it.  The  legal  profession  is  often  guilty  of  bureaucratese.  I once  read 
a legal  document  that  began  with  the  term  “Witnesseth."  Of  course,  I ques- 
tioned what  meaning  was  being  conveyed  with  the  use  of  this  term,  which 
is  standard  on  many  legal  forms.  The  answer  was,  "very  little."  It  could 
have  been  deleted  altogether  or  replaced  with  "Notice"  or  "Read  this  docu- 
ment," both  of  which  would  have  been  more  meaningful  than  the  obscure 
"Witnesseth."  Ditto  for  other  obscure  terms  like  "party  of  the  first  part" 
and  "party  of  the  second  part,"  not  to  mention  the  archaic  Latinisms  that 
riddle  the  law  (e.g.,  "ex  parte"  and  "corpus  delecti"). 

Euphemism  is  the  substitution  of  a desirable  term  for  a less  desirable  or 
offensive  one.  Although  there  is  nothing  inherently  wrong  with  polite  con- 
versation, the  result  is  often  a loss  of  communication.  Euphemism  is  com- 
mon in  hospital  and  medical  facilities  where  bodily  functions  need  to  be 
discussed.  Hospital  personnel  may  ask  a patient  if  he  has  "voided  his  blad- 
der." Many  patients  do  not  realize  that  this  refers  to  urination.  In  fact,  it  has 
been  shown  that  a majority  of  patients  do  not  understand  the  language  that 
is  commonly  used  in  their  interactions  with  medical  staff.  Many  patients  do 
not  understand  words  like  "malignant,"  "benign,"  "terminal,"  and  "ge- 
neric." You  can  imagine  a solemn  physician  telling  a patient  that  she  is 
"terminal,"  with  the  patient  then  brightly  inquiring  when  she  will  get  better. 
It  is  easy  to  see  how  the  use  of  euphemisms  can  lead  to  misunderstandings. 

Euphemisms  abound  in  advertisements  of  all  sorts.  Do  "bathroom  tissue" 
and  "feminine  hygiene  products"  seem  more  desirable  and  glamorous  than 
toilet  paper  and  menstrual  pads?  Euphemisms  often  obscure  the  intended 
meaning.  Although  polite  speech  is  a necessary  rule  of  society,  euphemistic 
terms  that  are  not  commonly  used  interfere  with  the  communication  of 
ideas  and  thus  should  be  avoided. 

Euphemisms  are  designed  to  change  the  effect  or  emotion  that  we  feel 
when  we  confront  topics  that  we  may  find  repugnant.  The  idea  is  that 
feelings  will  be  less  negative  if  a phenomenon  is  given  a more  acceptable 
name.  For  example,  many  people  have  complained  that  "beauty  pag- 
eants," like  the  "Miss  America  Pageant,"  are  demeaning  to  its  participants 
whose  value  is  determined  by  their  appearance — much  like  a horse  or  cow 
at  an  auction.  Officials  and  sponsors  of  these  pageants  disagree.  They 
argue  that  these  pageants  are  opportunities  for  the  contestants  to  demon- 
strate their  talents  and  to  win  money  and  other  prizes  that  can  be  used  to 
finance  an  education  or  to  launch  a career.  Those  who  believe  that  such 
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displays  are  demeaning  reply  that  the  bathing  suit  competition,  in  which 
women  march  around  in  skimpy  bathing  suits  and  high-heeled  shoes, 
should  not  be  a requirement  for  scholarship  money  for  a college  educa- 
tion. In  recognition  of  the  fact  that  a contestant's  appearance  when  clad 
in  scanty  clothing  probably  is  unrelated  to  her  talent,  academic  potential, 
or  scholarship,  the  officials  of  the  Miss  America  Pageant  decided  to  rem- 
edy this  situation.  They  renamed  the  competition.  Women  still  parade  in 
scanty  swimsuits  and  high  heels,  but  now  it  is  called  "health  and  fitness 
in  a swimsuit"  (Leive,  1994).  This  is  a strange  euphemism  for  the  portion 
of  the  competition  that  leads  the  contestants  to  resort  to  starvation  diets 
and  plastic  surgery — neither  of  which  promotes  health  and  fitness. 

Probably  the  biggest  perpetuators  of  euphemisms  are  politicians.  In  re- 
sponse to  public  protests  over  tax  increases,  we  now  have  "revenue  en- 
hancement" bills,  and  sex  education  classes  are  often  called  "family 
education."  One  of  my  favorite  examples  is  in  the  change  of  a class  title 
that  was  offered  in  a junior  high  school.  Based  on  the  idea  that  boys  as  well 
as  girls  need  to  know  about  cooking,  nutrition,  and  similar  topics,  a teacher 
offered  a course  called,  "home  economics  for  boys."  It  had  zero  enrollment. 
She  then  got  wise  and  retitled  the  course,  "bachelor  living."  So  many  boys 
wanted  to  take  the  class  with  this  new  name,  there  was  a waiting  list.  With 
very  little  effort,  you  should  be  able  to  find  other  examples  where  the 
change  of  a label  changed  how  people  think. 


The  Perils  of  Polite  Speech 

Politeness  taxes  mental  resources  and  creates  confusion  as  to  what  is 
truly  meant. 

— Jean-Francoise  Bonnefon,  Aidan  Feeney,  and  Wim 

De  Neys  (2011) 

The  popular  writer  Malcolm  Gladwell  (2008)  tells  about  a fatal  plane  crash 
that  was  caused  when  the  second  pilot  used  overly  polite  language  to  tell 
the  first  pilot  that  there  was  a dangerous  amount  of  ice  on  the  wing  of  their 
airplane.  Politeness  can  obscure  the  true  meaning,  tax  the  limits  of  working 
memory,  and  in  high-stakes  conditions,  cause  a disaster  (Bonnefon,  Feeney, 
& De  Neys,  2011,  p 322).  Consider  this  hypothetical  exchange  between  two 
workers: 

First  worker  says:  "If  the  water  level  is  low,  the  machine  stops." 

Second  worker  replies:  "If  the  oil  level  is  low,  the  machine  stops." 
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When  the  stakes  are  high,  it  is  important  to  communicate  clearly — more 
important  than  leaving  the  meaning  harder  to  interpret  with  the  use  of 
polite  statements. 


Framing  with  Leading  Questions  and  Negation 

Framing  occurs  when  a question  is  asked  is  a way  that  suggests  what  the 
correct  response  should  be.  The  reader  is  "led"  into  assuming  a particular 
perspective  or  point  of  view. 

Consider  the  following  problem: 

Imagine  that  the  U.S.  is  preparing  for  the  outbreak  of  an  unusual  dis- 
ease, which  is  expected  to  kill  600  people.  Two  alternative  programs  to 
combat  the  disease  have  been  proposed.  Assume  that  the  exact  scien- 
tific estimate  of  the  consequences  of  the  programs  are  as  follows: 

If  Program  A is  adopted,  200  people  will  be  saved. 

If  Program  B is  adopted,  there  is  1/3  probability  that  600  people  will 
be  saved,  and  2/3  probability  that  no  people  will  be  saved. 

Which  of  the  two  programs  would  you  favor?  (Tversky  & Kahneman, 
1981,  p.  453) 

Now  consider  the  same  problem,  and  select  between  the  following  two 
programs: 

If  Program  C is  adopted,  400  people  will  die. 

If  Program  D is  adopted  there  is  1/3  probability  that  nobody  will 
die,  and  2/3  probability  that  600  people  will  die. 

Which  of  these  two  programs  would  you  favor? 

When  this  problem  was  presented  to  college  students,  72%  of  those  given 
the  first  set  of  choices  selected  Program  A,  while  78%  of  those  given  the 
second  set  of  choices  selected  Program  D.  Look  closely  at  the  choices. 
Program  A and  C are  effectively  identical — they  differ  only  in  that  A is 
described  in  terms  of  the  numbers  of  lives  saved,  while  C is  described  in 
terms  of  the  number  who  will  die.  Program  B and  D are  also  identical, 
differing  only  in  the  language  used  to  describe  the  outcomes.  It  seems 
that  most  people  are  risk  adverse,  which  means  that  they  prefer  options 
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that  do  not  involve  loss.  When  an  alternative  makes  a potential  loss 
prominent  (e.g.,  focuses  on  the  number  that  die),  people  will  reject  that 
alternative.  It  is  clear  that  when  an  option  is  stated  in  terms  of  a loss,  it 
is  judged  more  negatively  than  a mathematically  identical  statement 
about  gains.  This  is  an  important  result,  showing  that  human  judgments 
and  preferences  can  be  readily  manipulated  by  changes  in  the  way  ques- 
tions are  asked  or  framed.  If  1 tell  you  that  a new  medical  treatment  has 
a 50%  success  rate  you  will  be  more  likely  to  endorse  its  use  than  if  1 tell 
you  that  it  has  a 50%  failure  rate.  The  only  difference  is  whether  the  in- 
formation was  presented  in  a positive  (success  rate)  frame  or  a negative 
(failure  rate)  frame  (Halpern  & Blackman,  1985;  Halpern,  Blackman,  & 
Salzman,  1989). 

Framing  can  be  used  to  influence  thinking  in  many  different  contexts,  so 
its  effects  can  be  powerful.  If  you  understand  how  they  work,  you  can  use 
framing  to  your  advantage  and  recognize  when  others  are  using  it  to  their 
advantage.  Suppose  you  are  interviewing  for  a job  and  you  have  gotten  to 
the  "sticky"  issue  of  negotiating  salary.  If  you  said  to  the  prospective  em- 
ployer that  you  really  wanted  $50,000  a year,  but  you  are  willing  to  take 
$45,000,  the  employer  begins  to  see  this  offer  as  a gain  of  $5000.  Similarly, 
if  the  prospective  employer  were  to  say  that  she  was  ready  to  offer  $40,000 
but  is  willing  to  go  as  high  as  $45,000  (after  all  you  studied  critical  thinking 
and  should  be  worth  more  salary),  then  you  would  have  the  "feeling"  of 
having  gained  $5000. 

Salespeople  know  that  leading  questions  can  be  good  for  business.  If  1 am 
showing  you  some  household  items,  a good  sales  technique  is  to  ask,  "How 
many  will  you  take?"  The  assumption  here  is  that  the  sale  is  made,  and  it 
is  only  a matter  of  how  many  you  will  buy,  not  whether  you  will  buy.  Simi- 
larly, a car  salesperson  who  is  ready  to  "close  the  deal"  will  ask,  "What  color 
do  you  want?"  This  question  makes  it  clear  that  you  have  already  decided 
that  you  will  buy  the  car  and  the  only  decision  left  is  that  of  color. 

Advertisers  and  merchants  like  to  price  their  wares  in  uneven  amounts,  like 
$19.99  and  $24.95.  Have  you  ever  wondered  why  they  don't  simplify  mat- 
ters and  price  garments  to  the  nearest  dollar  so  that  $19.99  would  become 
$20.00  and  $24.95  would  become  $25.00?  The  frame  or  perspective  being 
induced  here  is  one  of  considering  the  price  as  "less  than  $20.00."  Of 
course,  the  one-cent  difference  is  negligible,  but  it  does  seem  to  change 
how  people  think  about  the  price. 
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Listeners  can  also  be  framed  or  misled  with  negation.  Suppose  you  read 
that  a prominent  politician  is  not  a drunk.  Suppose  further  that  this  is  ab- 
solutely true;  she  is  not  a drunk.  Most  people  would  infer  that  there  was 
some  question  about  her  sobriety  and  the  truth  of  the  assertion.  The  prag- 
matic function  of  negation  is  to  deny  something  that  is  plausible  (Carroll, 
1986).  Thus,  listeners  will  infer  the  plausibility  of  that  which  was  denied. 
President  Richard  Nixon  hadn't  considered  this  psycholinguistic  principle 
when  he  uttered  the  now  famous  words  in  response  to  his  Watergate  de- 
bacle, "1  am  not  a crook."  Most  people  took  this  to  mean  that  it  is  plausible 
that  he  is  a crook.  Thus,  the  denial  of  some  act  often  has  the  paradoxical 
result  that  people  now  believe  it  is  more  likely  to  be  true  than  they  would 
have  if  no  denial  had  been  made. 


Contrast  and  Context 

Are  you  making  a good  salary?  How  is  your  health?  Is  the  new  love  in  your 
life  intelligent  and  kind?  Do  you  approve  of  the  current  president?  The  way 
you  are  likely  to  answer  all  of  these  questions  depends  on  what  you  are 
comparing  them  to  and  the  context  in  which  the  comparison  is  being 
made.  Contrast  and  context  provide  meaning  to  cognitive  activities  like 
judging  and  evaluating.  In  a classic  study,  Parducci  (1968)  asked  subjects  to 
decide  how  bad  it  is  to  "pocket  the  tip  which  the  previous  customers  left 
for  the  waitress."  Half  the  subjects  were  asked  to  judge  this  event  along 
with  the  following  mild  infractions:  stealing  a loaf  of  bread  from  a store 
when  you  are  starving;  playing  poker  on  Sunday;  cheating  at  solitaire.  The 
other  half  of  the  subjects  were  asked  to  judge  the  same  event  (pocketing 
the  tip  which  the  previous  customers  left  for  the  waitress)  along  with  the 
following  infractions:  spreading  rumors  that  an  acquaintance  is  a sexual 
pervert;  putting  your  deformed  child  in  the  circus;  murdering  your  mother 
without  justification  or  provocation. 

Taking  a waitress'  tip  was  judged  to  be  a more  serious  offense  when  it  was 
presented  along  with  milder  infractions  than  when  it  was  presented  among 
a list  of  serious  infractions.  The  event  (pocketing  a tip)  was  exactly  the 
same  in  each  case,  and  the  wording  was  identical.  Changes  in  the  context 
in  which  it  was  presented  created  changes  in  the  way  it  was  evaluated. 
Context  is  an  important  determinant  of  the  meaning  we  assign  to  events. 
This  principle  is  used  quite  well  in  the  letter  that  is  reprinted  from  a de- 
lightful book  by  Cialdini  (1993)  and  shown  in  Figure  3.6. 
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Dear  Mother  and  Dad: 

Since  I left  for  college  I have  been  remiss  in  writing  and  I am  sorry  for  my  thoughtless- 
ness in  not  having  written  before.  I will  bring  you  up  to  date  now,  but  before  you  read 
on,  please  sit  down.  You  are  not  to  read  any  further  unless  you  are  sitting  down,  okay? 

Well,  then,  I am  getting  along  pretty  well  now.  The  skull  fracture  and  the  concussion 
I got  when  I jumped  out  the  window  of  my  dormitory  when  it  caught  on  fire  shortly 
after  my  arrival  here  is  pretty  well  healed  now.  I only  spent  two  weeks  in  the  hospital 
and  now  I can  see  almost  normally  and  only  get  those  sick  headaches  once  a day. 
Fortunately,  the  fire  in  the  dormitory,  and  my  jump,  was  witnessed  by  an  attendant 
at  the  gas  station  near  the  dorm,  and  he  was  the  one  who  called  the  Fire  Department 
and  the  ambulance.  He  also  visited  me  in  the  hospital  and  since  I had  nowhere  to  live 
because  of  the  burntout  dormitory,  he  was  kind  enough  to  invite  me  to  share  his 
apartment  with  him.  It's  really  a basement  room,  but  it's  kind  of  cute.  He  is  a very  fine 
boy  and  we  have  fallen  deeply  in  love  and  are  planning  to  get  married.  We  haven't 
got  the  exact  date  yet,  but  it  will  be  before  my  pregnancy  begins  to  show. 

Yes,  Mother  and  Dad,  I am  pregnant.  I know  how  much  you  are  looking  forward  to 
being  grandparents  and  I know  you  will  welcome  the  baby  and  give  it  the  same  love 
and  devotion  and  tender  care  you  gave  me  when  I was  a child.  The  reason  for  the 
delay  in  our  marriage  is  that  my  boyfriend  has  a minor  infection  which  prevents  us 
from  passing  our  premarital  blood  tests  and  I carelessly  caught  it  from  him.  I know 
that  you  will  welcome  him  into  our  family  with  open  arms.  He  is  kind  and,  although 
not  well  educated,  he  is  ambitious.  Although  he  is  of  a different  race  and  religion  than 
ours,  I know  your  often  expressed  tolerance  will  not  permit  you  to  be  bothered  by 
that. 

Now  that  I have  brought  you  up  to  date,  I want  to  tell  you  that  there  was  no  dormito- 
ry fire,  I did  not  have  a concussion  or  skull  fracture,  I was  not  in  the  hospital,  I am  not 
pregnant,  I am  not  engaged,  I am  not  infected,  and  there  is  no  boyfriend.  However, 
I am  getting  a "D"  in  American  History,  and  an  "F"  in  Chemistry  and  I want  you  to 
see  those  marks  in  their  proper  perspective. 

Your  loving  daughter, 

Sharon 


Figure  3.6  This  fictitious  letter  is  a good  example  of  the  use  of  context  to  influence 
judgments  of  "how  bad"  different  events  are  perceived.  From  Cialdini,  R.  B.  (1993). 
Influence:  Science  and  Practice  (3rd  edition).  HarperCollins:  NY. 


Contrast  can  be  used  effectively  in  a wide  range  of  situations.  For  example, 
Zimbardo  and  Leippe  (1991)  offer  this  advice  when  you  want  to  borrow 
money  from  a friend  or  parent.  They  suggest  that  you  first  ask  for  a large 
sum  that  you  are  fairly  certain  will  be  refused.  (Hey,  can  you  loan  me  $75?) 
Follow  this  by  asking  for  the  smaller  sum  that  you  really  need.  (No,  well. 
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how  about  $25?)  They  found  that  you  are  more  likely  to  receive  the  smaller 
amount  when  it  follows  a large  request  than  when  it  is  requested  without 
the  larger  request  being  made  first.  Zimbardo  and  Leippe  reported  that 
charitable  contributions  are  also  more  likely  when  the  requestor  asks  for 
any  amount — “even  a penny  will  help."  When  solicitors  for  charities  re- 
quest "even  a penny,"  people  are  more  likely  to  give  larger  sums  of  money 
to  the  charity  than  to  charitable  appeals  that  do  not  emphasize  that  "even 
small  amounts  will  help." 


Anchoring 

When  we  have  little  basis  for  making  a meaningful  decision,  we  often  rely 
on  whatever  information  is  available,  even  when  we  know  it  is  probably 
worthless.  For  example,  compare  these  two  questions  (from  Mussweiler  & 
Strack,  2000;  values  listed  have  been  changed  to  reflect  current  pricing): 

Is  the  average  price  of  a new  car  higher  or  lower  than  $45,000? 

is  the  average  price  of  a new  car  higher  or  lower  than  $14,000? 

You  probably  answered  lower  to  the  first  question  and  higher  to  the  sec- 
ond. Now,  suppose  1 ask  you  to  estimate  the  price  of  the  average  new  car. 
if  you  had  only  been  asked  the  first  question,  you  are  likely  to  give  a higher 
estimate  than  if  you  had  only  been  asked  the  second  question.  The  price 
asked  served  as  an  anchor — a figure  that  you  used  as  a beginning  point  or 
comparison  for  making  your  estimate.  Anchors  influence  our  thinking,  but 
they  operate  without  conscious  awareness  unless  we  are  vigilant  for  them. 
Suppose  you  are  judging  something  important  like  the  severity  of  a crime. 
Think  how  you  might  respond  to  "Should  the  defendant  serve  life  in  jail 
without  the  possibility  of  parole?"  compared  to  "Should  the  defendant  be 
sentenced  to  three  years  on  probation  and  community  service?"  Without 
knowing  anything  else,  like  the  nature  of  the  crime,  can  you  see  that  most 
people  would  use  these  examples  of  sentences  as  anchors  and  tend  to  sug- 
gest much  more  severe  sentences  if  they  are  asked  the  first  sentence  than  if 
they  are  asked  the  second? 

Anchors  create  reference  points  that  are  misleading,  and  sometimes,  irrel- 
evant to  a decision.  There  are  many  experimental  and  real-world  examples 
of  the  way  anchors  influence  how  we  think.  For  example,  an  investor 
might  see  a stock  drop  in  price  from  $20  to  $14  (Lee,  2011).  if  he  focuses 
on  the  $20  price,  he  is  likely  to  conclude  that  the  stock  is  undervalued  at 
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$14,  when  it  fact,  the  $20  price  may  have  been  overvalued.  The  correct  way 
to  think  about  the  stock  price  is  to  estimate  what  it  is  likely  to  be  worth 
"going  forward." 

Have  you  ever  wondered  why  solicitations  for  charities  or  political  organi- 
zations have  check  boxes  that  you  are  supposed  to  check  to  indicate  the 
amount  of  your  contribution?  Almost  always,  the  highest  values  are  listed 
first.  The  next  time  you  receive  a solicitation,  look  at  the  reply  card.  It  is 
likely  to  read  something  like: $1000 $500 $200 $100 

The  implied  message  is  clear — start  by  thinking  about  giving  us  $1000.  The 
high  start  rate  should  anchor  your  contributions  so  that  they  will  be  closer 
to  $1000  than  they  would  have  been  without  these  suggested  levels  of 
"giving." 

Here's  a compelling  example  of  the  power  of  anchors.  To  start,  write  down 
the  last  two  digits  of  your  social  security  number.  Now  suppose  that  1 ask 
you  how  much  you  are  willing  to  pay  for  a bottle  of  rare  wine  or  a wireless 
keyboard.  Guess  what?  According  to  Ariely  (2003),  a psychologist  at  Mas- 
sachusetts Institute  of  Technology,  the  number  that  you  just  wrote  down 
influences  how  much  you  are  willing  to  pay.  Graduate  students  who  par- 
ticipated in  this  study  were  willing  to  pay  more  money  if  they  had  high 
social  security  numbers  (which  could  range  from  00  to  99)  than  those  with 
lower  social  security  numbers,  even  though  these  students  were  reminded 
that  the  last  two  digits  of  a social  security  number  are  assigned  at  random. 
Yet,  once  they  were  written  down,  they  created  an  anchor  or  starting  point 
for  deciding  how  much  to  pay  for  things  where  their  market  value  is  dif- 
ficult to  predict. 


Barometers  of  Thought 

Public  opinion  polls  are  often  used  to  provide  information  to  policy  makers 
who  want  to  sample  from  a population  of  interest  to  infer  how  the  popula- 
tion will  react  to  some  action  like  a tax  cut  or  a military  response  in  a 
troubled  place  in  the  world.  Suppose  they  you  want  to  know  how  average 
American  citizens  will  think  about  a controversial  issue.  It  is  impossible  to 
provide  a straight-forward  answer  to  the  question,  "What  do  Americans 
think?"  Not  only  is  there  the  obvious  problem  that  Americans  are  quite 
diverse  in  their  thinking,  there  is  also  the  problem  of  assessing  what  any 
individual  thinks.  The  kind  of  answers  that  people  give  to  opinion 
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questions  depends  on  the  way  the  questions  are  asked.  Politicians  and  their 
supporters  conduct  "push  polls"  that  are  designed  to  lead  respondents  to 
respond  in  certain  ways  (Schwartz,  2007). 

Consider  these  questions  (Herbers,  1982): 

"Suppose  the  budgets  of  your  state  and  local  governments  have  to  be 
curtailed,  which  of  these  parts  would  you  limit  most  severely?" 

When  one  choice  was  "public  welfare  programs"  39%  of  the  respondents 
selected  it  for  cutting. 

When  one  choice  was  "aid  to  the  needy"  only  8%  of  the  respondents  se- 
lected it  for  cutting. 

The  difference  is  in  how  this  choice  was  framed.  What  do  you  associate 
with  "public  welfare  programs"  and  what  do  you  associate  with  "aid  to  the 
needy?"  Can  you  see  how  easily  our  thoughts  can  be  influenced  by  the  way 
a situation  is  framed? 

It  is  fairly  easy  to  deliberately  slant  the  results  of  an  opinion  poll  by  care- 
fully selecting  wording  that  will  favor  one  position  or  another.  In  fact,  it 
may  not  be  possible  to  find  any  wording  that  would  be  unbiased.  Try  this 
one  for  yourself: 

Are  you  in  favor  of  a national  program  that  ensures  good  quality,  af- 
fordable day  care  for  infants  and  young  children  whose  parents  work 
outside  of  the  home? 

YES  NO  NO  OPINION 

Are  you  in  favor  of  programs  that  are  paid  for  with  your  tax  dollars  that 
place  infants  and  young  children  in  child  care  institutions  for  9 to  10 
hours  each  day? 

YES  NO  NO  OPINION 

This  is  another  example  of  how  easy  it  can  be  to  present  data  to  Congress 
and  other  decision-making  bodies  that  either  support  or  refute  the  idea 
that  most  Americans  are  in  favor  of  or  opposed  to  a program  of  national 
day  care.  Before  you  interpret  the  results  from  any  poll  or  respond  to  one, 
consider  very  carefully  the  way  in  which  the  questions  were  posed.  What 
sort  of  background  information  was  given  and  what  words  were  used?  Try 


The  Relationship  between  Thought  and  Language  151 


to  create  different  frames  when  you  are  presented  with  opinion  polls  or 
similar  types  of  information.  If  a different  frame  leads  you  to  think  about 
the  topic  in  a different  way,  then  try  to  find  a neutral  way  to  ask  yourself 
about  the  topic.  We  can  become  aware  of  framing  effects  and  we  can  find 
ways  to  minimize  their  effects. 


Comprehension:  The  Reason  for  Language 


Language  is  the  first  medium  of  the  rational  mind. 

— Geraldine  Ferguson  (1981,  p.  120) 

A student  once  told  me  that  despite  the  fact  that  she  really  wanted  to  un- 
derstand the  material  in  her  textbook,  she  found  that  the  information  went 
"in  one  eye  and  out  the  other."  In  other  words,  it  "didn't  stick"  or  seem  to 
involve  her  brain  at  all.  Although  her  "eyes"  read  every  word,  she  was  un- 
able to  understand  or  remember  the  material.  We  can  sympathize  with  her 
since  we  have  all  had  this  experience  at  one  time  or  another.  Comprehen- 
sion failures  often  result  from  the  language  used  to  express  an  idea  and  not 
from  the  difficulty  of  the  idea  itself.  Good  teachers  know  how  to  commu- 
nicate complex  ideas  so  that  they  can  be  easily  understood,  while  poor 
teachers  could  talk  or  write  for  days  without  conveying  the  ideas  to  their 
students. 


Strategies  for  Comprehension 

What  can  you  do  to  enhance  your  ability  to  comprehend?  There  are  many 
comprehension  strategies  or  skills  designed  to  help  make  information  that  is 
presented  in  natural  (everyday)  language  more  understandable.  These  strate- 
gies aid  in  discovering,  retaining,  and  utilizing  the  information  in  speech 
and  written  prose.  They  all  involve  ways  of  building  a meaningful  represen- 
tation that  matches  the  one  used  by  the  "sender"  (i.e.,  speaker  or  writer). 

The  process  of  comprehension  may  be  best  described  with  an  analogy.  Imag- 
ine that  a friend  has  a large  jungle  gym  (child's  climbing  toy)  in  his  back 
yard,  and  that  he  is  giving  it  to  you  as  a present.  Because  it  is  too  large  to 
transfer  in  its  assembled  state,  you  need  to  take  it  apart  to  move  it  to  your 
home.  Once  you  get  it  home,  you  need  to  reassemble  it.  To  do  so,  you  have 
to  identify  which  part  is  the  base  and  then  add  component  parts  to  it.  When 
it  is  reassembled,  it  should  look  the  same  as  it  did  in  your  friend's  yard. 
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The  same  is  true  of  comprehension.  If  your  friend  has  a complex  knowl- 
edge structure  in  his  head  (think  back  to  associative  networks  as  explained 
in  the  memory  chapter),  he  would  transfer  the  information  to  you  via 
language.  You  would  have  to  identify  the  main  ideas  (or  base)  in  order  to 
build  your  own  mental  representation.  You  would  also  have  to  understand 
the  relationships  between  the  parts  of  the  information  so  that  you  can  graft 
them  onto  the  main  ideas  in  the  correct  way.  Comprehension  is  attained 
when  your  knowledge  structure  "looks  the  same  as"  the  one  your  friend 
has  in  his  head.  In  other  words,  you  would  both  have  the  same  underlying 
representation  for  the  transferred  information.  All  comprehension  strate- 
gies are  activities  that  aid  in  the  transfer  of  underlying  structures.  They 
provide  guides  for  identifying  main  ideas  and  determining  the  relevance  of 
various  components  of  the  message.  They  assist  the  comprehender  in  dis- 
covering the  underlying  relationships  between  the  constituent  parts  of  the 
message. 

What  do  you  do  when  you  comprehend  a passage?  Most  people  respond 
that  they  have  no  idea  what  they  do  to  aid  their  understanding,  yet  they 
can  say  what  they  do  when  they  study.  Remember,  any  cognitive  activity 
that  aids  comprehension  will  also  aid  memory,  so  any  effective  compre- 
hension strategy  is  also  a memory  strategy. 


Re-representation 

In  understanding  complex  phenomena — anything  ranging  from  planetary 
motions  to  our  beliefs  about  racial  and  ethnic  groups — we  rely  on  mental 
models.  These  models  are  connected  knowledge  structures  that  help  us  to 
make  sense  out  of  our  experiences.  They  guide  what  we  see,  how  we  inter- 
pret events,  and  how  we  remember  them.  For  example,  if  I believe  that 
boys  are  more  aggressive  than  girls,  then  I may  interpret  a scuffle  on  the 
playground  between  two  boys  as  being  more  aggressive  than  the  same 
scuffle  if  it  had  involved  two  girls.  In  addition,  I may  remember  details  that 
are  consistent  with  this  interpretation  (e.g.,  torn  clothing)  even  when  they 
did  not  occur.  It  seems  that  we  are  often  more  likely  to  alter  our  memory 
for  events  in  ways  that  are  consistent  with  our  mental  models  than  we  are 
to  alter  the  models.  Our  goal  is  to  maintain  models  or  beliefs  about  the 
world  that  are  as  accurate  as  possible,  but  it  seems  that  we  are  better  at 
preserving  faulty  mental  models  than  we  are  at  altering  them  to  reflect  true 
experiences. 
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Questioning  and  Explaining 

Good  thinkers  are  good  questioners. 

— Alison  King  (1994,  p.  18) 

The  best-known  technique  for  studying  from  text  is  based  on  the  process 
of  asking  good  questions  about  the  material  being  read  and  then  demon- 
strating comprehension  by  answering  the  questions.  Psychologists  have 
found  that  when  college  students  respond  to  questions  during  a lecture  (as 
compared  to  a control  group  that  is  given  statements  about  the  correct 
answer),  they  have  better  memory  for  the  information  and  are  better  able 
to  transfer  what  they  learned  (Campbell  & Mayer,  2009).  When  students 
generate  and  answer  their  own  questions  about  a text,  their  comprehen- 
sion and  recall  improves  (e.g.,  Wilson  & Smetana,  2011). 

Recent  research  has  shown  that  repeated  testing,  particularly  when  the  test 
requires  the  generation  of  information,  enhances  learning.  This  practice 
produces  gains  in  understanding  and  memory  when  the  tests  are  aligned 
with  important  content  (Karpicke  & Roediger,  2007;  Roediger,  Agarwal, 
McDaniel,  & McDermott,  2011).  According  to  standard  "memory  trace" 
theories  of  how  people  remember,  the  act  of  remembering  strengthens 
some  memory  traces  and  weakens,  or  perhaps  fails  to  strengthen,  others,  a 
fact  that  should  influence  how  we  test  students.  There  are  complex  math- 
ematical models  and  functions  that  describe  the  course  of  remembering  (or 
forgetting)  over  time  (Anderson  et  al.,  2004;  Oberauer  & Lewandowsky, 
2011).  The  single  most  important  variable  in  promoting  long-term  reten- 
tion and  transfer  is  "practice  at  retrieval" — students  need  to  generate  re- 
sponses, with  minimal  retrieval  cues,  repeatedly  over  time.  For  example, 
one  of  the  headings  for  this  section  of  text  is  "strategies  for  comprehen- 
sion." A good  question  that  you  should  be  able  to  answer  when  you  finish 
this  section  is,  "What  are  some  strategies  for  comprehension,  and  how  do 
they  work?"  If  you  can't  answer  this  question  with  the  book  closed  when 
you  finish  this  section,  then  you  do  not  know  the  information  presented. 
A good  question  for  this  subsection  on  "questioning  and  explaining"  is, 
"How  are  questioning  and  explaining  used  to  improve  comprehension?" 

King  (1989,  1992;  King,  Staffieri,  & Adelgais,  1998)  conducted  a series  of 
studies  that  clearly  demonstrate  the  value  of  reciprocal  peer  question- 
ing, a technique  in  which  learners  learn  to  pose  thoughtful  questions  that 
they  then  take  turns  answering.  She  concluded  that  the  ability  to  ask 
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thoughtful  questions  is  a skill  that  needs  to  be  learned  because  most  people 
tend  to  ask  "low  level"  simple  recall  questions  (e.g.,  What  is  the  date  of  . . . 
Who  did  . . . ) and  not  those  that  require  a meaningful  analysis  of  complex 
information  if  they  are  not  trained  in  the  formulation  of  thoughtful  ques- 
tions. King  has  devised  a series  of  generic  questions,  which  can  be  used 
with  modifications  in  almost  any  context.  Look  at  the  generic  questions 
that  are  presented  in  Table  3.1. 

Table  3.1:  A list  of  generic  questions  provided  by  King  (1994).  These  ques- 
tion stems  can  be  used  in  almost  any  context.  Research  has  shown  that  com- 
prehension and  memory  are  improved  when  students  learn  to  ask  and  answer 
thoughtful  questions  based  on  these  stems.  More  importantly,  students  use 
these  generic  questions  in  novel  contexts,  showing  that  transfer  of  critical 
thinking  skills  occurs  when  students  understand  that  transfer  is  the  goal  of 
activities  that  improve  thinking. 


Generic  Questions 

Specific  Thinking  Skills  Induced 

What  is  a new  example  of ...  ? 

Application 

How  could  ...  be  used  to  ...  ? 

Application 

What  would  happen  if ...  ? 

Prediction/hypothesizing 

What  are  the  implications  of ...  ? 

Analysis/inference 

What  are  the  strengths  and  weaknesses 
of ...  ? 

Analysis/inference 

What  is  . . . analogous  to? 

Identification  and  creation  of 
analogies  and  metaphors 

What  do  we  already  know  about . . . ? 

Activation  of  prior  knowledge 

How  does  . . . affect . . . ? 

Activation  of  relationship 
(cause-effect) 

How  does  ...  tie  in  with  what  we 
learned  before? 

Activation  of  prior  knowledge 

Explain  why  . . . 

Analysis 

Explain  how  . . . 

Analysis 

What  is  the  meaning  of  ...  ? 

Analysis 

Why  is  . . . important? 

Analysis  of  significance 

What  is  the  difference  between  . . . 
and  . . . ? 

Comparison-contrast 

How  are  . . . and  . . . similar? 

Comparison-contrast 

How  does  . . . apply  to  everyday  life? 

Application  to  the  real  world 

What  is  the  counterargument  for ...  ? 

Rebuttal  argument 
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Generic  Questions 

Specific  Thinking  Skills  Induced 

What  is  the  best . . . and  why? 

Evaluation  and  provision  of 
evidence 

What  are  some  possible  solutions  to 
the  problem  of  ...  ? 

Synthesis  of  ideas 

Compare  . . . and  . . . with  regard 
to  . . . 

Comparison-contrast 

What  do  you  think  causes  . . . ? Why? 

Analysis  of  relationship  (cause- 
effect) 

Do  you  agree  or  disagree  with  this 
statement:  . . . ? 

Evaluation  and  provision  of 
evidence 

What  evidence  is  there  to  support  your 
answer? 

How  do  you  think  . . . would  see  the 
issue  of  ...  ? 

Taking  other  perspectives 

When  learners  completed  these  questions  using  information  from  a lecture 
or  text,  they  showed  better  recall  and  comprehension  than  control  groups 
who  were  instructed  to  study  independently,  engage  in  group  discussions, 
generate  summaries,  or  ask  questions  without  training  in  how  to  ask  good 
questions  (King,  1992,  1994).  More  importantly.  King  found  that  when  stu- 
dents become  proficient  at  using  higher-level  questioning,  they  spontane- 
ously ask  these  questions  in  a variety  of  other  learning  situations.  These 
studies  provide  further  support  for  the  conclusion  that  1 presented  in  the 
first  chapter:  critical  thinking  skills  transfer  to  novel  contexts  when  instruc- 
tion emphasizes  the  need  to  practice  and  use  these  skills  in  many  contexts. 
Thus,  there  are  very  strong  indications  that  you  can  improve  your  compre- 
hension and  memory  by  using  the  generic  questions  that  appear  in  Table 
3.1.  Here  are  some  examples  applied  to  the  information  in  this  chapter: 

How  does  context  affect  judgment? 

Compare  underlying  structure  with  surface  structure  with  regard  to 
their  role  in  the  process  of  communication. 

Explain  how  analogies  can  be  useful  in  enhancing  comprehension. 

How  does  anchoring  apply  to  everyday  life? 

What  is  the  difference  between  ambiguity  and  vagueness? 

What  is  the  meaning  of  the  term  “generic  questions?" 


Can  you  answer  these  questions? 
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Concept  Maps 

An  oft-repeated  theme  in  this  book  is  to  utilize  both  verbal  and  spatial-like 
strategies  as  thinking  aids.  Concept  Maps,  sometimes  called  graphic  orga- 
nizers, are  spatial  arrays  that  require  learners  to  attend  explicitly  to  the 
underlying  structure  in  a passage.  They  can  provide  a picture  of  a learner's 
knowledge  structures  and  show  the  way  in  which  new  information  is  in- 
corporated into  information  that  is  already  known.  Mayer  (1987)  calls  the 
deliberate  use  of  graphic  organizers  "structure  training  techniques"  because 
they  force  the  learner  to  focus  on  the  structure  of  a text.  Recent  reviews 
found  that  drawing  concept  maps  is  a more  effective  method  for  facilitat- 
ing recall  than  creating  lists  or  outlines  (Nesbit  & Adesope,  2006).  Concept 
maps  can  reflect  what  a learner  is  learning  by  starting  with  a simple  map 
and  then  elaborating  on  it  over  time  as  learning  occurs.  There  are  several 
varieties  of  concept  maps,  but  all  of  them  use  spatial  representations  to 
make  efficient  use  of  the  information  in  a text. 

Linear  Arrays 

Sometimes,  the  best  way  to  understand  a topic  is  to  represent  the  informa- 
tion in  a linear  array.  This  is  useful  when  the  information  presented  is 
fairly  linear  or  straight-line-like  in  its  structure.  An  example  of  this  would 
be  a very  simple  "line"  of  events  occurring  one  after  the  other:  The  girl  hit 
the  boy.  He  started  to  cry.  The  teacher  heard  the  boy's  cry.  She  ran  into  the 
room.  She  punished  the  girl.  The  girl  was  sent  to  the  principal's  office.  Etc. 
This  rather  boring  story  is  a straightforward  sequence  of  events  that  fol- 
lowed each  other  in  a strict  temporal  ordering.  A simple  linear  representa- 
tion would  adequately  capture  all  of  the  relevant  information. 

I girl  hit  boy 
I boy  cried 
I teacher  arrived 
I teacher  punished  girl 
I girl  to  principal's  office 
i etc. 

Another  example  when  a modified  linear  array  would  be  a good  choice  of 
representation  is  in  representing  any  parts  or  processes  that  are  aligned  lin- 
early in  the  physical  world.  Vaughan  (1984)  taught  medical  students 
how  to  utilize  graphic  organizers  when  learning  from  medical  texts.  The  di- 
gestive system  is  aligned  in  a fairly  linear  manner  beginning  with  the  mouth 
and  ending  with  the  rectum.  Students  who  read  about  the  digestive  system 


The  Relationship  between  Thought  and  Language  157 


What  the  Digestive  System  Does 


Food  Conversion 
Digestion-Absorption 

(conversion)  (transportation  to 

blood  system) 


Purposes 

1 . receives  food  mouth 

2.  prep,  for  “ (oral  cavity) 
digestion 


Parts 

1 . tongue  (pushes 
food  into  pharynx) 

2.  taste  buds 


1 . muse,  constriction 
(swallowing) 

2.  closes  for  breathing 

3.  carries  f.  to  stomach 


Swall.  Tubes 


1 . pharynx  (throat) 
soft  palate,  uvula, 
epiglottes  (small  lid) 

2.  esophagus  (9"  long) 


when  full,  closes 
gastic  juices 


Stomach 


1 . valves 

top,  bottom 

2.  pouch  (folds) 


chief  organ  of  digestion 
absorption  through  walls 
in  villi 

thru  portal  syst.  to  liver 


some  absorption 
of  water 


Small  Intestine 
20'  (longest, 
small  diam) 


Long  Intestines 
4-5’ 


1 . duodenum  (1 0-1 2") 
bile  (dig.  of  fat) 

2.  jejunum 

3.  ilium 

1 . cecum  (pouch) 

2.  muscle 


Colon 

(longer  part  of  L.l.) 

1 . anal  canal 

2.  anus 


Rectum 
36+  hours 


Figure  3.7  Modified  linear  array  depicting  the  purposes  and  parts  of  the  digestive 
system.  A linear  array  is  a good  spatial  arrangement  for  this  information  because,  like 
the  array,  the  digestive  system  is  linear.  Adapted  from  Vaughan  (1 984). 


listed  the  parts  of  the  digestive  system  in  linear  order  and  noted  along  with 
each  part  its  purposes  in  the  digestive  process  and  its  components.  The  re- 
sulting linear  array  is  shown  in  Figure  3.7.  Vaughan  reported  that  the  medi- 
cal students  who  learned  to  use  graphic  organizers  like  this  one  showed 
significant  improvement  in  their  comprehension  of  medical  school  texts. 

Time  lines  that  are  commonly  used  in  history  are  helpful  in  providing  a visual 
picture  of  and  appreciation  for  time  spans  and  the  co-occurrence  of  events.  When 
the  distance  between  events  is  proportional  to  the  time  between  their  occunence, 
a much  more  accurate  understanding  of  the  importance  of  time  as  the  key  under- 
lying dimension  of  history  is  possible  than  with  any  verbal  description. 
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Hierarchies 

Most  of  the  information  we  deal  with  is  considerably  more  complex  than 
simple  linear  chains.  An  alternative  structural  form  for  information  is  that 
of  hierarchies  or  tree  stmctures  in  which  information  is  organized  around 
class  inclusion  rules.  Class  inclusion  rules  are  those  mles  in  which  some- 
thing is  a part  of  or  a type  of  something  else.  Examples  of  class  inclusion  rule 
are  the  classification  of  toes  as  part  of  the  foot  and  roses  as  a type  of  flower. 
Information  of  this  sort  can  usually  be  categorized  into  levels  with  higher 
levels  dividing  into  lower  levels  according  to  some  mle.  Biological  classifica- 
tion systems  are  a good  example  of  hierarchically  organized  information. 
Bower  (1970)  studied  organizational  factors  in  memory  using  hierarchically 
arranged  information  about  minerals.  Figure  3.8  depicts  this  hierarchy. 
Bower  found  that  when  subjects  organized  information  this  way,  they  had 
significantly  better  recall  than  a group  of  control  subjects.  He  also  found 
that  when  a “node"  or  branch  of  the  hierarchy  was  forgotten,  subjects  failed 
to  recall  the  entire  portion  of  the  "tree"  that  was  below  it.  I'll  be  returning 
to  these  results  later  in  this  book  in  the  chapter  on  problem  solving  because 
hierarchies  or  tree  diagrams  are  sometimes  used  as  problem-solving  aids. 


Networks 

The  relationships  between  ideas  in  a communication  are  not  usually  based 
on  simple  class  inclusion  rules.  Concepts  can  be  related  to  each  other  in 


Level 

1 


2 


3 


4 


Minerals 


Metals 


Rare  Common  Alloy 


Stones 


Precious  Masonry 


Platinum 

Aluminium 

Bronze 

Silver 

Copper 

Steel 

Gold 

Lead 

Brass 

Iron 

Sapphire  Limestone 
Emerald  Granite 

Diamond  Marble 

Ruby  Slate 


Figure  3.8  Hierarchy  of  minerals.  An  example  of  a hierarchical  graphic  organizer. 
Hierarchies  are  particularly  useful  when  the  information  is  organized  according  to  class 
inclusion  rules.  Adapted  from  Bower  (1970). 
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numerous  other  ways,  and  it  is  the  depiction  of  the  correct  relationship  be- 
tween concepts  that  is  central  to  all  graphic  organizing  techniques.  Net- 
works are  graphic  organizers  in  which  several  different  types  of  relationships 
are  made  explicit.  Much  of  the  work  in  this  area  has  been  conducted  by 
Dansereau  and  his  colleagues.  He  developed  a training  manual  and  program 
for  counselors  in  substance  abuse  programs  where  concept  maps  (he  calls 
them  guide  maps)  are  used  to  create  treatment  plans  and  to  assess  progress 
in  the  program  (Dees  & Dansereau,  2000).  He  found  that  these  maps  pro- 
mote organized  thinking  in  the  messy  real  world  of  drug  treatment. 

When  students  learn  the  technique  of  networking,  they  are  taught  to  focus 
on  and  identify  six  different  types  of  relationships  or  links  between  con- 
cepts (Holley  et  al.,  1979;  Dansersau,  1995).  Two  of  these  relationships  are 
the  class  inclusion  rules  of  hierarchies:  X is  a part  of  Y (e.g.,  France  is  a part 
of  Europe),  and  X is  a type  ofY  (e.g.,  mangoes  are  a type  of  fruit).  The  third 
relationship  is  called  a leads  to  link.  This  type  of  relationship  occurs  when- 
ever X leads  to  Y (e.g.,  stealing  leads  to  jail).  The  other  three  relationships  or 
links  are  analogy,  X is  like  Y (e.g.,  a paw  is  like  an  arm);  characteristic,  X is  a 
characteristic  or  feature  of  Y (e.g.,  brilliance  is  a characteristic  of  diamonds); 
and  evidence,  X is  evidence  that  Y occurred  (e.g.,  antibodies  are  evidence  of 
infection).  These  six  relationships  are  described  more  fully  in  Table  3.2. 

The  relationships  are  then  depicted  in  a network-like  array  with  all  of  the 
relationships  labeled.  There  are  many  studies  showing  the  benefits  of  using 
concept  maps  to  improve  recall  and  critical  thinking  about  complex  topics 
(Wilgis  & McConnell,  2008). 

An  example  of  a completed  network  is  shown  in  Figure  3.9.  The  network 
shows  the  relationships  between  concepts  in  a nursing  text  on  wounds.  Look 
carefully  at  this  figure.  "Types  of  wounds"  and  the  "process  of  healing"  are 
parts  of  the  discussion  of  wounds.  "Open,"  "closed,"  "accidental,"  and  "in- 
tentional" are  types  of  wounds.  In  the  process  of  healing,  the  "lag  phase" 
leads  to  the  "fibroplasia  phase"  which  leads  to  the  contraction  phase.  "Soft, 
pink,  and  friable"  is  a characteristic  of  tissue  continuity.  The  other  two  types 
of  relationships,  analogy  and  evidence,  are  not  used  in  this  network. 

Identification  and  use  of  these  six  types  of  relationships  or  links  and  their 
combination  in  a unified  network  requires  considerable  practice.  This  is  an 
effortful  strategy,  which,  like  some  of  the  mnemonic  techniques,  pays  off 
once  it  is  well  learned.  Holley  et  al.  (1979)  found  that  when  subjects  were 
well  trained  in  this  technique,  they  performed  significantly  better  on  sub- 
sequent tests  than  control  students  who  did  not  learn  this  technique,  with 
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the  biggest  improvement  for  students  with  low  grade  point  averages.  It 
seems  that  the  students  who  were  doing  very  well  in  school  were  already 
attending  to  the  relationships  between  concepts.  Then  it  was  the  poorer 
students  who  benefited  most  from  explicit  instruction  and  practice  in  iden- 
tifying, labeling,  and  diagramming  the  relationships  between  concepts. 


Table  3.2 


Type 

Example 

Structure 

Key  Words 

Part  of  link 

hand 

1 P 
finger 

Hierarchy — the  lower 
node  is  part  of  the 
higher  node 

is  a part  of 
is  a segment  of 
is  a portion  of 

Type  of/ 

school 

Hierarchy — the 

is  a type  of 

example  of 

1 t 

lower  node  is  an 

is  in  the  category 

link 

private 

example  of  the 
higher  node 

is  an  example  of 
is  a kind  of 
three  procedures  are 

Leads  to  link 

practice 
1 1 

perfection 

Chain — the  object 
of  the  higher  node 
leads  to  or  results  in 
the  lower  node 

leads  to 
results  in 
causes 
is  a tool  of 
produces 

Analogy  link 

school  ^factory 

Cluster — the  content 
of  one  node  is 
analogous  to  the 
other  node 

is  similar  to 
is  analogous  to 
is  like 

corresponds  to 

Characteristic 

link 

skyhblue 

Cluster — the  content 
of  one  node  is 
analogous  to  the 
other  node 

has 

is  characterized  by 
feature  is 
property  is 
trait  is 
aspect  is 
attribute  is 

Evidence  link 

broken  x-ray 
arm 

Cluster — the  content 
of  one  node  is 
evidence  for  the 
other  node 

indicated 
is  illustrated  by 
supports 
documents 
is  proof  of 
confirms 

Note.  This  table  is  adapted  from  Holley  et  al.  (1979).  Notice  how  the  "key  words"  sug- 
gest the  type  of  link  that  is  being  described. 


Figure  3.9  Example  of  a network  of  a chapter  from  a nursing  text  on  wounds.  The  use  of  linking  relationships  forces  the 
learner  to  consider  the  way  concepts  are  related.  (Reprinted  from  Contemporary  Educational  Psychology,  vol.  4,  Holley  et  al., 
"Evaluation  of  a hierarchical  mapping  technique  as  an  aid  to  prose  processing,"  pp.  227-237,  Copyright  [1979],  with  permis- 
sion from  Elsevier.) 


Taiwan  \ Japanese 

strait  J government 


Figure  3.10  A comprehensive  map  showing  the  historical  events  known  as  the  228  Incident.  From  Tzeng,  J.  (2010).  Designs  of  concept  maps 
and  their  impacts  on  readers'  performance  in  memory  and  reasoning  while  reading.  Journal  of  Research  in  Reading,  33(2),  1 28-1 47.  doi:1 0.1111/ 
j.1 467-981 7.2009.01404.x  (With  permission  from  Wiley.) 
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Concept  maps  can  be  used  in  any  field,  and  the  named  links  can  be  altered 
to  fit  the  topic  being  learned.  For  example,  the  concept  map  on  the  previ- 
ous page  shows  information  about  the  228  Incident  that  followed  Japan's 
return  of  Taiwan  to  the  Chinese  government  in  the  aftermath  of  World 
War  11.  In  a study  of  concept  maps  with  high  school  students  in  Taiwan, 
Tzeng  (2010)  allowed  students  to  progressively  elaborate  concepts  maps 
about  this  topic  as  they  learned  more  about  the  topic.  She  found  that  these 
maps  helped  students  achieve  deep  learning.  A comprehensive  map  of  this 
historical  event  is  shown  in  Figure  3.10. 


ACADEMIC  GUIDE  MAP  FOR  "THEORIES" 


Figure  3.11  A generic  fill-in-the-blank  concept  map  that  can  be  used  to  understand 
any  theory  in  any  domain  of  knowledge.  When  you  fill  in  the  various  "boxes" — for 
example,  giving  evidence  for  the  theory — you  will  be  developing  a "deep"  knowledge 
of  the  theory.  (Adapted  from  Dansereau,  2001 ). 
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Look  carefully  at  the  generic  "fill-in-the-blank"  concept  map  on  page  163 
that  can  be  used  to  understand  any  theory,  shown  in  Figure  3.11  (Dansereau, 
2001).  if  you  take  this  generic  map  for  understanding  theories  to  any  class 
where  theories  are  being  taught,  you  can  think  of  yourself  as  being  "armed" 
with  an  information  aid.  As  you  fill  in  the  boxes  and  circles,  you  will  be 
developing  an  enhanced  understanding  of  the  theory  you  are  learning. 


Matrices 

When  the  material  to  be  comprehended  involves  comparisons  of  several 
topics  along  a number  of  dimensions,  a matrix  is  the  representation  of 
choice.  Suppose,  for  example  that  you  are  reading  a passage  about  wars. 
The  purpose  of  the  passage  is  to  compare  and  contrast  various  antecedent 
conditions  of  war  and  to  consider  their  effect.  Suppose  further  that  the 
wars  being  considered  are  the  Revolutionary  War,  World  War  1,  World  War 
11,  The  Korean  Conflict,  and  the  Vietnam  Conflict,  in  order  to  understand 
the  nature  of  these  wars,  you  need  to  organize  the  information  so  that 
commonalities  and  distinctions  will  emerge.  A suggested  matrix  for  this 
information  is  shown  in  Table  3.3. 


Table  3.3:  Example  of  a Matrix  Graphic  Organizer 


War 

Revolutionary 

World 

World 

Korean 

Vietnam 

War 

War  1 

War  II 

Conflict 

Conflict 

Major  precipitating 
events 

U.S.  justification  for 
the  war 
"Other  side" 
justification  for  the 
war 

Number  of  lives 
lost — each  side 
Major  battles 
Resolution 
Types  of  weapons 
Relationship  to 
later  war,  if  any 

Note.  Matrices  are  particularly  good  spatial  arrays  when  the  information  involves  sev- 
eral different  topics  (e.g.,  wars)  that  are  being  compared  on  several  dimensions  (e.g., 
characteristics  of  war). 
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By  filling  in  the  empty  cells  in  Table  3.3,  selected  categories  of  information 
can  readily  be  compared,  and  similarities  and  differences  can  easily  be  spot- 
ted. A coherent  "pattern"  of  information  about  these  wars  can  then  be 
extracted.  The  framework  can  be  applied  to  other  wars  involving  other 
countries  to  determine,  for  example,  if  there  are  universal  commonalities 
for  all  wars.  Similarly,  matrices  can  be  useful  when  a judgment  has  to  be 
made  about  products  or  courses  of  action  that  differ  along  multiple  dimen- 
sions. If  you  are  familiar  with  the  way  in  which  the  magazine  Consumer 
Reports  provides  information  about  products  to  consumers,  you  will  recog- 
nize that  this  is  the  technique  that  they  use.  For  example,  if  you  want  to 
buy  a refrigerator,  you  will  find  that  Consumer  Reports  rates  several  differ- 
ent brands  and  models  of  refrigerators  along  many  dimensions.  The  mod- 
els would  be  listed  in  the  left-hand  column  and  the  dimensions  across  the 
top,  such  as  cost  to  operate,  ease  of  opening  the  door,  how  well  it  main- 
tains a set  temperature,  storage  space  built  into  the  door,  and  the  other 
features  that  differ  between  refrigerators.  The  ratings  in  each  cell  are  picto- 
rial (colored  circles)  that  help  to  convert  a large  amount  of  information  to 
a format  that  is  comprehensible  in  a single  glance.  A similar  technique  was 
used  by  the  RAND  Corporation  (1992,  p.  7)  in  their  analysis  of  three  differ- 
ent plans  for  financing  health  insurance.  Look  at  this  matrix,  which  is 
presented  in  Figure  3.12. 

As  you  can  see,  the  RAND  Corporation  listed  five  desirable  goals  for  any 
health  care  plan.  These  are  listed  under  "goal."  The  three  health  care  plans 


Goal 

20% 

Voluntary 

Subsidy 

Simple 

Mandate 

Play-or- 

Pay 

Mandate 

Decreased  number 
of  uninsured 

Increase 

efficiency 

Limit  costs  for 
workers 

Control  small 
business  costs 

Contain 

government  costs 

] Well  I I Somewhat  | | Not  at  all 


Figure  3.12  A shaded  matrix  that  compares  three  possible  health  care  plans  compared 
on  five  "goals."  The  use  of  shading  with  a matrix  allows  for  an  easier  comparison 
between  the  plans.  Adapted  from  RAND  (1992).  Health  care  and  the  uninsured:  Who 
will  pay?  RAND  Research  Review,  XVI,  pp.  6-8. 
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they  compared  are  a 20%  voluntary  subsidy,  a simple  mandate  or  law  that 
would  require  employers  to  provide  health  insurance,  and  a play-or-pay 
plan  that  would  allow  employers  to  shop  for  the  best  plan  for  their  employ- 
ees. The  degree  of  shading  in  a square  is  an  indication  of  how  well  the 
particular  plan  satisfies  a goal.  Which  plan  seems  the  best  given  their  evalu- 
ation and  the  way  they  presented  the  data?  It  is  easy  to  see  that  the  third 
option  meets  three  goals  very  well,  one  goal  somewhat,  and  one  goal  not 
at  all.  Thus,  it  would  seem  that  the  third  plan  is  the  best  over-all,  but  this 
conclusion  is  only  warranted  if  all  of  the  goals  are  equal  in  importance,  if 
the  containment  of  government  costs  is  much  more  important  than  any  of 
the  others,  then  the  third  plan  is  not  a good  one  because  it  does  not  satisfy 
this  goal.  The  relative  importance  of  each  goal  depends  on  individual  judg- 
ment that,  ideally,  is  informed  by  knowledge  of  the  issues. 

Matrices  can  also  be  used  to  organize  information  so  that  it  can  be  used  more 
easily.  Day,  Rodin,  and  Stoltzfus  (1990)  investigated  the  effect  of  changing 
the  representation  of  information  on  the  ease  with  which  it  is  used.  A medi- 
cation schedule  that  was  given  to  a (real)  patient  is  shown  in  Figure  3.13.  The 
list  format  shown  on  the  left  side  of  Figure  3.13  is  the  way  that  the  physician 
presented  the  medication  schedule  to  the  patient.  The  matrix  format  shown 
on  the  right  provides  the  same  information,  but  is  clearly  easier  to  use.  Not 
surprisingly.  Day,  Rodin,  and  Stoltzfus  found  that  both  young  and  old  sub- 
jects were  more  accurate  in  their  understanding  of  and  memory  for  the 
medication  schedule  when  it  was  provided  in  a matrix  format,  it  is  clear  that 


LIST  FORMAT 

MATRIX  FORMAT 

Inderal 

Lanoxin 

Cafafate 

- 1 tablet  3 times  a day 

- 1 tablet  every  a.m. 
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Figure  3.13  Two  representations  of  medication  schedules  for  an  elderly  patient.  The  list 
on  the  left  is  the  format  that  was  given  to  the  patient.  The  matrix  on  the  right  was  devised 
by  Day,  Rodin,  and  Stoltzfus  (1990).  Adapted  from  Day,  R.  S.,  Rodin,  C.C.,  and  Stoltzfus, 
E.  R.  (1 990).  Alternative  representations  for  medication  instructions:  Effects  on  young  and 
old  adults.  Paper  presented  at  the  3rd  Cognitive  Aging  Conference,  Atlanta,  GA. 
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some  representations  will  facilitate  the  use  of  information  and  others  will 
hinder  it.  One  goal  is  to  understand  which  representation  matches  the  un- 
derlying structure  of  the  information  being  conveyed. 

Spatial  Representation  of  Thought 

In  the  chapter  on  memory,  1 presented  the  idea  that  our  minds  are  a net- 
work of  meaningful  concepts  with  closely  related  concepts  represented  as 
being  close  in  space.  Near  ideas  are  clustered  and  more  distant  ones  are 
farther  apart.  New  visual  representations  of  words  are  now  possible  that 
take  advantage  of  the  network  of  thinking.  For  example,  instead  of  looking 
up  words  in  a standard  dictionary,  we  can  now  look  up  word  networks 
using  interactive  programs  that  can  be  found  on  the  Internet.  For  example, 
Visuwords  is  an  online  graphical  dictionary  that  can  be  found  at  http:// 
www.visuwords.com/. 
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Figure  3.14  A network  visualization  of  the  word  "thinking."  It  was  constructed  with 
the  Visuwords  online  graphical  dictionary,  which  can  be  found  at  http://www. 
visuwords.com/. 


168  The  Relationship  between  Thought  and  Language 


You  can  try  it  for  yourself — just  type  in  any  word  and  it  will  prepare  a word 
net.  The  visualization  of  the  word  "thinking"  is  shown  below  in  Figure  3.14 
along  with  the  labels  used  to  create  the  linkages. 

General  Guidelines  and  Principles 

In  a study  of  "at  risk  students"  (those  identified  as  being  at  risk  of  failing 
and  not  completing  their  education),  Pogrow  (1992)  concluded  that  these 
students  have  academic  difficulties  because  "they  do  not  understand  'un- 
derstanding' " (p.  90).  What  he  means  by  this  is  that  these  students  do  not 
know  what  they  need  to  do  to  ensure  that  information  is  acquired  in  a way 
that  is  meaningful  and  resistant  to  forgetting.  Many  ideas  about  learning 
and  knowing  are  foreign  to  them  such  as:  complex  information  will  con- 
tain multiple  interacting  concepts;  learners  need  to  understand  how  con- 
cepts relate  to  one  another;  difficult  material  has  to  be  questioned, 
explained,  drawn,  and  discussed;  and  comprehension  needs  to  be  continu- 
ally monitored.  There  is  ample  empirical  evidence  that  more  of  these  "at 
risk"  students  could  complete  their  education  if  they  were  taught  how  to 
improve  their  comprehension. 

All  of  the  strategies  for  comprehension  require  learners  to  monitor  their 
understanding  of  the  information.  They  are  all  active  cognitive  strategies 
that  facilitate  the  construction  of  meaningful  representations.  The  graphic 
organizers  offer  ways  to  transform  text  into  explicit  spatial  representations 
that  display  relationships  between  concepts.  They  all  make  abstract  con- 
cepts more  concrete.  Like  all  good  cognitive  strategies,  they  require  the 
learner  to  relate  new  information  to  prior  knowledge  in  a way  that  makes 
remembering  most  efficient.  Like  many  of  the  other  thinking  skills  pre- 
sented in  this  book,  they  require  effort  and  must  be  practiced  in  order  to 
be  useful.  It  is  not  enough  to  read  about  them.  They  have  to  be  used  in  a 
variety  of  situations  to  ensure  transfer. 

Although  most  of  this  chapter  has  been  concerned  with  the  process  of 
comprehension,  that  is  going  from  surface  structure  to  underlying  struc- 
ture, many  of  the  principles  can  be  used  in  language  production  or  going 
from  underlying  structure  to  surface  structure.  The  task  of  writing  involves 
transforming  your  internalized  meaning  into  words.  Many  people  have 
difficulty  with  writing  because  they  find  that  this  is  a difficult  translation. 
Kellogg  (1990)  compared  the  quality  of  persuasive  papers  written  by  college 
students  who  either  prepared  an  outline  before  they  began  their  papers  (a 
linear  display)  or  used  a clustering  technique  in  which  associated  ideas 
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were  first  generated  from  memory  and  then  connected  with  lines  that 
showed  how  the  ideas  were  related.  He  found  that  the  students  who  were 
required  to  outline  before  they  wrote  improved  in  their  organization  and 
writing  style  (writing  is  a mostly  linear  activity),  and  the  students  who  used 
clustering  produced  a larger  number  of  ideas  than  those  who  used  outlines. 
1 will  return  to  these  results  in  the  chapter  on  creativity,  where  1 discuss  the 
generation  of  ideas. 

Graphic  organizers,  like  clustering  of  ideas  or  creating  flow  charts  or  ma- 
trices, can  be  terrific  aids  in  the  writing  process.  Suppose  you  were  to 
write  an  essay  about  Acquired  Immune  Deficiency  Syndrome  (AIDS).  You 
could  begin  the  planning  process  by  considering  the  kinds  of  links  em- 
ployed in  networking  (type  of,  part  of,  leads  to,  evidence  for,  characteris- 
tics of,  and  analogy).  What  "types  of"  people  are  most  and  least  at  risk? 
What  is  the  "evidence  for"  AIDS  (laboratory  tests,  symptoms)?  What  are 
the  "characteristics  of"  at-risk  groups  or  risky  activities?  Some  people 
have  called  for  quarantine,  which  is  "analogous  to"  the  way  the  way  so- 
ciety has  responded  to  other  dread  diseases.  Once  you  have  considered 
the  information  you  want  to  present,  the  relationship  between  the  facts 
can  be  depicted  in  a network.  The  network  offers  a nonlinear  alternative 
to  outlines  when  planning  the  writing  process.  Thus,  by  "running  com- 
prehension strategies  backward,"  they  can  be  used  to  produce  language 
(spoken  or  written)  instead  of  their  more  usual  role  in  comprehending 
language. 


Chapter  Summary 


• Psycholinguistics  is  the  branch  of  psychology  that  is  concerned 
with  understanding  how  people  produce  and  comprehend 
language. 

• Psychologists  view  language  as  comprising  two  components  or  lev- 
els: a meaning  component  (underlying  representation)  and  a 
speech  sound  component  (surface  structure).  The  problem  of  com- 
prehension is  moving  from  a thought  by  the  sender  (underlying 
structure)  through  language  and  then  reconstruction  of  the 
thought  by  the  receiver. 

• Language  is  ambiguous  when  a single  surface  structure  has  two  or 
more  possible  underlying  representations. 
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• Language  and  thought  exert  mutual  influences  on  each  other  with 
our  thoughts  determining  the  language  we  use  and,  in  turn,  the 
language  we  use  reshaping  our  thoughts. 

• Six  rules  of  communication  were  presented.  Every  time  we  attempt 
to  communicate  with  others,  we  utilize  these  rules  to  determine 
what  information  we  will  convey  and  how  to  express  the 
information. 

• Language  comprehension  requires  that  the  listener  make  many 
inferences.  The  kinds  of  inferences  we  make  depend  on  context, 
manner,  and  the  words  selected  to  convey  the  message.  Our  under- 
standing can  be  misled  by  communications  that  cause  faulty  infer- 
ences, such  as  advertisements  and  political  opinion  polls. 

• There  are  many  ways  that  words  can  be  used  to  mislead  the  listener 
deliberately.  The  deliberate  use  of  emotional  and  nonemotional 
words  is  designed  to  influence  how  you  think  about  a topic. 

• Emotional  words  often  elicit  strong  mental  images.  Because  images 
are  highly  resistant  to  forgetting,  they  are  readily  available  when 
the  topic  is  mentioned. 

• Prototypes,  or  the  most  typical  member  of  a category,  are  usually 
thought  of  first  when  we  think  about  an  example  of  a category. 
These  prototypes  bias  what  we  think.  This  bias  can  be  overcome  with 
deliberate  practice  at  generating  examples  that  are  not  typical. 

• A value  that  is  easily  available  in  memory  can  unconsciously  serve 
as  an  anchor  or  starting  point  that  we  use  to  estimate  quantities  or 
cost.  We  need  to  think  consciously  of  many  different  possible  val- 
ues that  could  serve  as  anchors  as  a way  of  reducing  the  effect  of 
anchors. 

• Strategies  to  improve  the  comprehension  of  text  were  described. 
They  all  require  learners  to  attend  to  the  structure  of  the  informa- 
tion and  to  make  the  relationships  between  concepts  explicit.  Mul- 
tiple representations — both  visual  spatial  displays  and  verbal 
strategies — are  used  as  aids  to  comprehension. 

• The  following  skills  to  understand  the  way  language  influences 
thought  were  presented  in  this  chapter.  Review  each  skill  and  be 
sure  that  you  understand  how  and  when  to  use  each  one: 

o Defending  against  the  inappropriate  use  of  emotional  lan- 
guage, labeling,  name  calling,  ambiguity,  vagueness,  and  ar- 
guments by  etymology; 
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o Developing  the  ability  to  detect  misuse  of  definitions,  reifica- 
tion, euphemism,  and  bureaucratese; 

o Thinking  about  the  reason  for  a communication,  the  back- 
ground knowledge  of  the  listener,  and  the  context  when  de- 
ciding what  and  how  to  communicate; 

o Understanding  the  use  of  framing  with  leading  questions  and 
negation; 

o Using  analogies  appropriately,  which  includes  examining  the 
nature  of  the  similarity  and  its  relationship  to  the 
conclusion; 

o Deliberately  giving  a variety  of  examples  when  thinking 
about  members  of  a category  so  that  you  are  not  thinking 
about  category  members  in  terms  of  a prototype  (e.g.,  think- 
ing about  many  ways  to  be  successful,  not  just  the  most  com- 
mon examples  like  making  a high  salary); 

o Recognizing  the  emotional  components  of  some  words  and 
the  way  word  choices  can  affect  how  you  think  and  feel; 

o Recognizing  when  an  anchor  may  be  biasing  your  judgments 
about  a quantity  or  cost  and  deliberately  trying  other  values 
that  could  be  alternative  anchors; 

o Employing  questioning  and  explaining  as  a skill  for  text 
comprehension; 

o Practicing  at  retrieval  of  information  so  that  remembering 
becomes  more  accurate  and  easier  with  spaced  practice; 

o Selecting  and  using  graphic  organizers  (linear  arrays,  hierar- 
chies, networks,  matrices,  flow  charts). 

Terms  to  Know 


You  should  be  able  to  define  or  describe  the  following  terms  and  concepts, 
if  you  find  that  you're  having  difficulty  with  any  term,  be  sure  to  reread 
the  section  in  which  it  is  discussed. 

Psycholinguistics.  The  branch  of  psychology  that  is  concerned  with  the  acquisi- 
tion, production,  comprehension,  and  usage  of  language. 

Underlying  Representation.  The  meaning  component  of  language.  It  is  the 
thought  that  you  want  to  convey  with  an  utterance.  Compare  with  surface 
structure. 


172  The  Relationship  between  Thought  and  Language 


Surface  Structure.  The  sounds  of  an  utterance  or  the  outward  appearance  of  a 
language  expression.  Compare  with  underlying  representation. 

Weasel  Phrase.  A phrase  that  is  used  to  infer  something  that  is  not  true  by  sug- 
gesting that  something  specific  has  been  said,  when  it  fact  the  words  are 
ambiguous. 

Given/New  Distinction.  The  ratio  of  known  (given)  information  to  new  infor- 
mation in  a communication,  it  is  a primary  determinant  of  the  difficulty  of  a 
communication. 

Cognitive  Economy.  Any  process  that  reduces  the  mental  workload  and  makes 
thinking  or  remembering  less  effortful. 

Prototypical  Thinking.  Using  the  most  typical  member  in  a category  as  a guide 
to  making  inferences  about  other  members  of  that  category. 

Prototype.  The  best  or  most  typical  example  of  a category.  For  example,  dog  is 
the  prototype  for  the  category  "animal." 

Sapir-Whorf  Hypothesis  of  Linguistic  Relativity.  The  hypothesis  that  lan- 
guage, at  least  in  part,  determines  or  influences  thought. 

Semantic  Slanting.  The  deliberate  use  of  words  designed  to  create  a particular 
attitude  or  foster  certain  beliefs. 

Ambiguous.  An  utterance  is  ambiguous  when  it  can  have  more  than  one  mean- 
ing or  underlying  representation. 

Vagueness.  A lack  of  precision  in  a communication.  A communication  is  vague  if 
it  does  not  specify  enough  details  for  its  intended  purpose. 

Equivocation.  A change  in  the  meaning  of  a word  in  the  course  of  the  same 
discussion. 

Etymology.  Reference  to  the  origin  of  a word  in  order  to  determine  its  meaning. 

Reification.  Occurs  when  an  abstract  concept  is  given  a name  and  then  treated 
as  though  it  were  a concrete  object. 

Bureaucratese.  The  use  of  formal,  stilted  language  that  is  often  unfamiliar  to 
people  who  lack  special  training. 

Euphemism.  The  substitution  of  a desirable  term  for  a less  desirable  or  offensive  one. 

Framing.  Occurs  when  a question  is  asked  is  a way  that  suggests  what  the  correct 
response  should  be.  The  reader  is  "led"  into  assuming  a particular  perspective 
or  point  of  view. 

Risk  Adverse.  A general  preference  for  options  that  do  not  involve  possible  loss 
over  options  that  involve  possible  gain,  even  when  the  expected  value  is  higher 
for  the  option  that  describes  a loss. 

Negation.  The  use  of  denial  to  imply  that  a fact  is  plausible. 

Anchor.  The  unconscious  use  of  a value  that  is  easily  accessible  in  memory  as  a 
"starting  point"  for  making  a judgment  about  a quantity  or  cost. 

Reciprocal  Peer  Questioning.  A technique  in  which  learners  pose  thoughtful 
questions,  which  they  take  turns  answering. 

Generic  Questions.  Question  "stems"  that  can  be  modified  and  applied  to  many 
different  topics. 

Concept  Maps  (sometimes  called  graphic  organizers).  The  use  of  spatial 
displays  to  organize  information. 
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Linear  Arrays.  A graphic  organizer  in  which  information  is  presented  in  a list 
format. 

Hierarchies.  A type  of  graphic  organizer  that  uses  a tree  structure.  Most  useful 
when  information  is  organized  according  to  class  inclusion  rules. 

Networks.  Graphic  organizers  in  which  several  different  types  of  relationships 
between  concepts  are  depicted. 

Matrix.  A rectangular  array  that  is  useful  when  the  information  presented  in- 
volves comparisons  along  several  dimensions. 
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As  far  as  Joan's  opponent  was  concerned,  the  debate  wasn't  going 
well.  It  was  clear  from  the  sea  of  nodding  heads  and  sounds  of  "uh 
huh"  and  "yeah"  that  Joan  was  scoring  points  and  convincing  the  au- 
dience, whereas  he  seemed  to  be  losing  support  every  time  he  spoke. 

He  wasn't  surprised;  he  had  been  warned.  Joan  had  studied  reasoning 
and  now  knew  how  to  make  people  believe  anything.  Soon  she  would 
have  everyone  convinced  that  the  war  was  justified  and  what  was 
wrong  was  right.  The  way  she's  going,  she  could  probably  make  peo- 
ple believe  that  day  is  night.  It  certainly  wasn't  fair,  but  what  can  you 
expect  from  someone  who  studied  reasoning? 

This  fictional  vignette  was  taken  from  a real  life  incident.  I was  present  at 
a debate  where  one  debater  accused  the  other  of  cheating  by  using  reason- 
ing. At  the  time,  I thought  that  this  was  pretty  funny  because  I had  come 
to  think  of  reasoning  as  an  important  critical  thinking  skill — the  sort  of 
skill  that  you  would  use  to  make  valid  conclusions  when  dealing  with  in- 
formation that  is  complex  and  emotional.  To  the  losing  side  of  this  debate, 
it  was  a trick.  Trick,  skill,  or  strategy,  reasoning  is  the  best  way  to  decide 
whom  and  what  to  believe. 


Logical  and  Psychological 


The  trick,  of  course,  is  to  reason  well.  It  isn't  easy  and  it  isn't  automatic. 


Reasoning  is  often  taken  to  be  the  hallmark  of  the  human  species.  Collo- 
quially, reasoning  tells  us  "what  follows  what."  When  we  reason,  we  use  our 
knowledge  about  one  or  more  related  statements  that  we  can  reasonably 
believe  are  true  to  determine  if  another  statement,  the  conclusion,  is  true. 
A conclusion  is  an  inferential  belief  that  is  derived  from  other  statements. 


— Howard  Kahane  (1980,  p.  3) 
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The  ability  to  reason  well  is  a critical  thinking  skill  that  is  crucial  in  science, 
mathematics,  law,  forecasting,  diagnosing,  and  just  about  every  other  con- 
text you  can  imagine.  In  fact,  1 cannot  think  of  an  academic  or  "real  world" 
context  in  which  the  ability  to  reason  well  is  not  of  great  importance. 

Many  definitions  of  the  term  "critical  thinking"  identify  reasoning  as  cen- 
tral to  the  concept  as  seen  in  the  definition  that  was  derived  from  three 
rounds  of  rankings  by  school  administrators  in  the  United  States.  The  pro- 
cedure they  used  to  derive  their  preferred  definition  of  critical  thinking  is 
called  the  Delphi  technique,  which  refers  to  a method  for  achieving  agree- 
ment among  experts  in  some  field.  In  this  case,  definitions  were  circulated 
among  all  participants  three  times.  They  agreed  that  "critical  thinking 
is  . . . cohesive,  logical  reasoning  patterns"  (Stahl  & Stahl,  1991,  p.  84). 


Pragmatism  and  Logic 

When  we  reason  logically,  we  are  following  a set  of  rules  that  specify  how 
we  "ought  to"  derive  conclusions.  Logic  is  the  branch  of  philosophy  that 
explicitly  states  the  rules  for  deriving  valid  conclusions.  The  laws  of  logic 
provide  the  standard  against  which  we  assess  the  quality  of  someone's  rea- 
soning. According  to  logic,  a conclusion  is  valid  if  it  necessarily  follows 
from  some  statements  that  are  accepted  as  facts.  The  factual  statements  are 
called  premises.  Conclusions  that  are  not  in  accord  with  the  rules  of  logic 
are  illogical.  Although  we  maintain  that  the  ability  for  rational,  logical 
thought  is  unique  to  humans,  all  too  often  we  reach  invalid  or  illogical 
conclusions.  This  fact  has  led  Hunt  (1982,  p.  121)  to  award  "A  flunking 
grade  in  logic  for  the  world's  only  logical  animal." 

Psychologists  who  study  reasoning  have  been  concerned  with  how  people 
process  information  in  reasoning  tasks.  The  fact  is  that,  in  our  everyday 
thinking,  the  psychological  processes  quite  often  are  not  logical.  Although 
there  is  a very  large  amount  of  research  literature  on  why  people  have  trou- 
ble when  using  deductive  reasoning,  1 think  the  problem  was  explained  well 
in  a classic  paper  on  the  relation  between  logic  and  thinking.  Henle  (1962) 
noted  that  everyday  thought  does  not  generally  follow  the  formal  rules  of 
logic  because  people  use  their  own  imperfect  rules.  If  we  were  not  logical,  at 
least  some  of  the  time,  we  wouldn't  be  able  to  understand  each  other,  "fol- 
low one  another's  thinking,  reach  common  decisions,  and  work  together" 
(Henle,  1962  p.  374).  To  demonstrate  this  point,  stop  now  and  work  on  one 
of  the  problems  Henle  posed  to  her  subjects  in  one  of  her  studies: 
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A group  of  women  were  discussing  their  household  problems.  Mrs. 
Shivers  broke  the  ice  by  saying:  "I'm  so  glad  we're  talking  about  these 
problems.  It's  so  important  to  talk  about  things  that  are  in  our  minds. 
We  spend  so  much  of  our  time  in  the  kitchen  that,  of  course,  household 
problems  are  in  our  minds.  So  it  is  important  to  talk  about  them"  (p. 
370).  (Does  it  follow  that  it  is  important  to  talk  about  them?  Give  your 
reasoning.) 

Do  not  go  on  until  you  decide  if  it  is  valid  to  conclude  that  Mrs.  Shivers  is 
correct  when  she  says  that  it  is  important  to  talk  about  household  prob- 
lems. Why  did  you  answer  as  you  did? 

In  standard  form,  this  paragraph  becomes: 

Premise  1.  It  is  important  to  talk  about  things  that  are  on  our  mind. 
Premise  2.  Household  problems  are  on  our  mind. 

Therefore  (conclusion):  It  is  important  to  talk  about  household  problems. 

When  Henle  posed  this  problem  to  graduate  students,  she  found  that  some 
students  arrived  at  the  wrong  answer  (as  defined  by  the  rules  of  logic), 
whereas  others  arrived  at  the  right  answer  for  the  wrong  reasons.  Consider 
the  following  answer  given  by  one  of  her  subjects:  "No.  It  is  not  important 
to  talk  about  things  that  are  in  our  minds  unless  they  worry  us,  which  is 
not  the  case"  (p.  370).  Where  did  this  student  go  wrong?  Instead  of  decid- 
ing if  the  conclusion  followed  logically  from  the  earlier  statements,  she 
added  her  own  opinions  about  what  sorts  of  things  it  is  important  to  talk 
about.  Thus,  while  the  answer  is  incorrect  as  evaluated  by  the  standard 
rules  of  logic,  it  is  correct  by  the  student's  own  rules.  Consider  this  answer: 
"Yes.  It  could  be  very  important  for  the  individual  doing  the  talking  and 
possibly  to  some  of  those  listening,  because  it  is  important  for  people  to 
"get  a load  off  their  chest,"  but  not  for  any  other  reason,  unless  in  the  pro- 
cess one  or  the  other  learns  something  new  and  of  value"  (p.  370).  This 
time,  the  participant  gave  the  correct  answer,  but  for  the  wrong  reasons. 
This  participant,  like  the  first  one,  added  her  own  beliefs  to  the  problem 
instead  of  deriving  her  conclusions  solely  on  the  basis  of  the  information 
presented.  Henle  has  termed  this  error  in  reasoning  the  failure  to  accept 
the  logical  task. 

It  seems  that  in  everyday  use  of  reasoning,  we  do  not  determine  if  a conclu- 
sion is  valid  solely  on  the  basis  of  the  statements  we  are  given.  Instead,  we 


178  Reasoning 


alter  the  statements  we  are  given  according  to  our  beliefs  and  then  decide 
if  a conclusion  follows  from  the  altered  statements.  We  function  under  a 
kind  of  personal  logic  in  which  we  use  our  personal  beliefs  about  the 
world  to  formulate  conclusions  about  related  issues. 


When  Logic  and  Belief  Collide 

When  logic  and  belief  collide  . . . people  often  respond  on  the  basis  of 

their  prior  knowledge,  giving  rise  to  a "belief-bias"  effect. 

— Edward  J.N.  Stupple,  Linden  J.  Ball,  Jonathan  St.  B.T.  Evans,  and 

Emily  Kamal-Smith  (2011,  p.  931) 

According  to  the  rules  of  deductive  reasoning,  the  task  is  to  determine  if  a 
conclusion  "follows  from"  the  statements  or  premises  that  are  presented,  it 
should  not  matter  if  the  premises  are  true  or  false,  it  also  should  not  matter 
if  the  topic  of  the  reasoning  problem  is  an  abstract  category  labeled  with 
letters  or  nonsense  words  or  a real-life  category  about  which  you  have  ex- 
tensive knowledge.  But,  psychologists  know  that  the  topic  does  matter 
when  people  reason  deductively.  The  difference  between  reasoning  that 
takes  personal  beliefs  into  account  and  reasoning  with  premises  that  refer 
to  abstract  categories  (such  as  reasoning  about  all  things  that  belong  to 
category  'A')  may  reflect  the  differences  between  System  1 and  System  2 
thinking  (Bonnefon,  Eid,  Vautier,  & Jmel,  2008).  Recall  from  the  first  chap- 
ter that  System  1 thinking  is  faster  and  more  intuitive,  whereas  System  2 
thinking  is  slower  and  more  deliberate  and  rule-bound.  People  rely  on  both 
types  of  thinking,  but  for  deductive  reasoning  to  be  considered  "correct," 
the  reasoning  must  adhere  to  the  rules  for  reasoning,  and  for  most  people, 
deductive  reasoning  will  require  effortful  and  deliberate  thinking  (charac- 
teristic of  System  2 thinking).  This  concept  will  become  easier  to  under- 
stand as  you  work  your  way  through  this  chapter. 

Scientists  have  argued  that  the  ability  to  reason  logically  from  false  prem- 
ises (or  premises  that  may  be  false)  is  an  important  ability  for  mathemati- 
cians, lawyers,  scientists,  and  other  professions  where  the  premises  are 
often  counterintuitive  or  arbitrary  (Markovits  & Kirtue-Forgues,  2011).  For 
example,  scientists  may  have  to  reason  about  unfamiliar  planets  where 
there  is  no  gravity  or  about  viruses  that  do  not  follow  the  usual  rules  of 
what  we  know  about  viruses.  The  legal  system  relies  on  many  definitions 
of  what  constitutes  different  types  of  crimes.  Consider  the  difference  be- 
tween larceny  and  embezzlement.  The  difference  hinges  on  whether  the 
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perpetrator  of  the  crime  ever  had  possession  of  the  stolen  property  before 
the  crime  was  committed.  By  definition,  if  you  had  possession  of  someone 
else's  property  and  then  converted  it  to  yourself,  the  crime  is  embezzle- 
ment. Given  these  definitions,  you  would  reason  deductively  to  determine 
if  a particular  crime  "follows  from"  the  definition  for  larceny  or  embezzle- 
ment. Your  personal  beliefs  are  irrelevant  to  determining  how  to  classify  a 
crime.  The  ability  to  reason  logically  with  abstract  premises  or  conclusions 
that  conflict  with  personal  beliefs  is  difficult,  but  there  is  considerable  evi- 
dence that  with  instruction  and  practice  people  can  improve  their  perfor- 
mance (Markovits  & Kirtue-Forgues,  2011). 
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In  real  life,  people  have  a pragmatic  reason  for  reasoning,  and  sometimes 
the  laws  of  logic  are  at  odds  with  the  setting,  consequences,  and  commonly 
agreed  upon  reasons  and  rules  for  deriving  conclusions.  In  real  life,  we  add 
our  own  beliefs  and  knowledge  to  the  facts  we  are  given  when  we  deter- 
mine if  a conclusion  is  supported  by  the  premises.  In  most  everyday  set- 
tings, this  is  a pragmatic  or  practical  approach  to  reasoning  problems. 


Inductive  and  Deductive  Reasoning 


Actual  thinking  has  its  own  logic;  it  is  orderly,  reasonable,  reflective. 

— John  Dewey  (1933,  p.  75) 

A distinction  is  often  made  between  inductive  and  deductive  reasoning. 
(See  the  Thinking  as  Hypothesis  Testing  chapter  for  a related  discussion  of 
this  topic.)  In  inductive  reasoning,  observations  are  collected  that  sup- 
port or  suggest  a conclusion.  It  is  a way  of  projecting  information  from 
known  examples  to  the  unknown  (Heit,  2000).  For  example,  if  every  per- 
son you  have  ever  seen  has  only  one  head,  you  would  use  this  evidence  to 
support  the  conclusion  (or  suggest  the  hypothesis)  that  everyone  in  the 
world  has  only  one  head.  Of  course,  you  cannot  be  absolutely  certain  of 
this  fact.  It  is  always  possible  that  someone  you  have  never  met  has  two 
heads.  If  you  met  just  one  person  with  two  heads,  your  conclusion  must  be 
wrong.  Thus,  with  inductive  reasoning  you  can  never  prove  that  your  con- 
clusion or  hypothesis  is  correct,  but  you  can  disprove  it.  With  inductive 
reasoning,  if  the  premises  are  true,  the  conclusion  is  probably  true. 

In  deductive  reasoning,  we  begin  with  statements  known  or  believed  to 
be  true,  like  “everyone  has  only  one  head,"  and  then  conclude  or  infer  that 
La  Tisha,  a woman  you  have  never  met,  will  have  only  one  head.  This  con- 
clusion follows  logically  from  the  earlier  statement.  If  we  know  that  it  is  true 
that  everyone  has  only  one  head,  then  it  MUST  be  true  that  any  specific 
person  will  have  only  one  head.  Similarly,  if  I show  you  a rectangle  that  is  2' 
by  3',  then  the  area  of  the  rectangle  must  be  6 square  feet.  Deductive  reason- 
ing is  sometimes  described  as  reasoning  "down"  from  beliefs  about  the  na- 
ture of  the  world  to  particular  instances.  Rips  (1988)  argues  that  deduction  is 
a general  purpose  mechanism  for  cognitive  tasks:  deduction  "enables  us  to 
answer  questions  from  information  stored  in  memory,  to  plan  actions  ac- 
cording to  goals,  and  to  solve  certain  kinds  of  puzzles"  (p.  117). 

The  notion  of  "reasoning  up"  from  observations  and  "reasoning  down" 
from  hypotheses  is  schematically  shown  in  Figure  4.1. 
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Inductive  Reasoning 

Conclusion  Everyone  has 
one  head. 


Deductive  Reasoning 

Start  Here  Everyone  has 
one  head. 


Start  Here 

Observe  people:  Each  has  one  head. 


Conclusion 

La  Tisha,  a person  you've 
never  met,  has  one  head 


Figure  4.1  A pictorial  distinction  between  deductive  (reasoning  "down"  from  prem- 
ises) and  inductive  reasoning  (reasoning  "up"  from  examples).  In  most  real-world  set- 
tings, we  use  both  types  of  reasoning  recursively. 

Although  it  is  common  to  make  a distinction  between  inductive  and  deduc- 
tive reasoning,  the  distinction  may  not  be  a particularly  useful  description 
of  how  people  reason  in  real  life.  In  everyday  contexts,  we  switch  from  in- 
ductive to  deductive  reasoning  in  the  course  of  thinking.  Our  hypotheses 
and  beliefs  guide  the  observations  we  make,  while  our  observations,  in  turn, 
modify  our  hypotheses  and  beliefs.  Often,  this  process  will  involve  a con- 
tinuous interplay  of  inductive  and  deductive  reasoning.  Thinking  in  real- 
world  contexts  almost  always  involves  the  use  of  multiple  thinking  skills. 


Linear  Ordering 


Reasoning  is  simply  a matter  of  getting  your  facts  straight. 


Joel  is  stronger  than  Bill,  but  not  as  strong  as  Richard.  Richard  is  stronger 
than  Joel,  but  not  as  strong  as  Donald.  Who  is  strongest  and  who  is  second 
strongest? 


B.E  Anderson  (1980,  p.  62) 


Although  I am  sure  that  you've  never  met  Joel,  Donald,  Richard,  and  Bill,  I 
am  also  sure  you  could  answer  this  question.  The  premises  or  statements  in 
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this  problem  give  information  about  the  orderly  relationship  among  the 
terms;  hence  it  is  called  a linear  ordering  or  linear  syllogism.  Like  the 
all  deductive  reasoning  problems,  the  premises  are  used  to  derive  valid  con- 
clusions— conclusions  that  must  be  true  if  the  premises  are  true.  In  linear 
ordering  problems,  we  are  concerned  with  orderly  relationships  in  which 
the  relationships  between  the  terms  can  be  arranged  in  a straight-line  array. 


Linear  Diagrams 

How  did  you  solve  the  problem  about  Joel,  Donald,  Richard,  and  Bill?  Most 
people  work  line-by-line,  ordering  the  people  as  specified  in  each  line: 

“Joel  is  stronger  than  Bill  but  not  as  strong  as  Richard"  becomes 

Strong 

— Richard 
— Joel 
— Bill 

Not  Strong 


"Richard  is  stronger  than  Joel,  but  not  as  strong  as  Donald"  adds  Donald  to 
the  previous  representation: 


Strong 

— Donald 
— Richard 
— Joel 
— Bill 

Not  Strong 

Thus,  it  is  easy  to  “see"  that  Donald  is  strongest  and  Richard  is  second 
strongest.  Research  with  linear  syllogisms  has  shown  that  people  rely,  at 
least  in  part,  on  spatial  imagery  or  some  sort  of  spatial  representation  to 
answer  the  question. 

Work  through  the  following  linear  syllogisms: 

1.  Pat  is  not  taller  than  Jim. 

Jim  is  shorter  than  Tiffany. 

Who  is  tallest?  Pat,  Jim,  Tiffany,  or  don't  know. 
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2.  Les  is  worse  than  Moshe. 

Harold  is  worse  than  Moshe. 

Who  is  worst?  Les,  Moshe,  Harold,  or  don't  know. 

3.  Stuart  doesn't  run  faster  than  Louis. 

Louis  doesn't  run  slower  than  Dena. 

Who  is  slowest?  Stuart,  Lois,  Dena,  or  don't  know. 

As  you  worked  through  these  problems,  did  some  seem  more  difficult  to 
you  than  others?  Problem  1 contains  the  negation  term  "not,"  which  adds 
to  the  complexity  of  the  problem.  In  addition,  information  is  given  in 
terms  of  both  taller  and  shorter,  which  makes  this  a difficult  problem.  The 
correct  answer  is  Tiffany.  (Pat  could  be  the  same  height  or  shorter  than 
Jim.)  You  can  represent  this  relationship  graphically  as: 

Tall 

— Tiffany 

— Jim  -j-  Pat  (same  as  or  shorter  than  Jim) 

Short  Short 

Although  the  second  problem  contains  all  congruent  comparison  terms 
(worse,  worse,  worst),  some  people  find  it  tricky  since  we  do  not  know  if 
Les  or  Harold  is  worst.  In  addition,  research  has  shown  that  it  is  more  dif- 
ficult to  comprehend  terms  like  "worse"  than  it  is  to  use  terms  like  "better" 
because  it  denotes  that  all  three  are  bad,  while  "better"  is  a more  neutral 
term — it  does  not  imply  that  they  are  all  good.  (The  correct  answer  is 
"don't  know.")  The  third  problem  contains  negative  terms  as  well  as  incon- 
gruent  comparison  terms  (faster,  slower,  slowest).  From  the  information 
given,  we  cannot  determine  who  is  slowest. 

As  you  worked  through  these  problems,  you  should  have  discovered  some 
of  the  following  psychological  principles  of  linear  orderings: 


1.  Orderings  are  easiest  to  solve  when  comparison  terms  are  congru- 
ent (e.g.,  short,  shorter,  shortest). 

2.  Solutions  will  be  facilitated  if  the  second  term  in  the  first  premise 
is  the  first  term  in  the  second  premise  (A  is  better  than  B;  B is  better 
than  C). 
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3.  Negations  make  the  problem  more  difficult  (e.g.,  A is  not  hairier 
that  B). 

4.  When  you  are  faced  with  a difficult  linear  syllogism,  draw  a linear 
array,  so  that  the  relationships  between  the  terms  can  be  inspected 
visually. 

5.  Comparison  terms  that  limit  the  meaning  of  a sentence,  like  worse 
and  dumber,  are  more  difficult  to  process  than  more  general  and 
neutral  terms  like  better  and  smarter — these  terms  do  not  imply 
that  they  are  all  good  or  smart.  The  adjectives  that  connote  a bias 
(e.g.,  worse,  dumber)  are  called  marked  adjectives,  while  the 
neutral  adjectives  are  called  unmarked  adjectives. 

These  summary  remarks  can  be  used  as  an  aid  for  clear  communication  of 
linearly  ordered  information.  When  you  want  someone  to  understand  a 
linear  ordering,  use  congruent  terms,  make  the  second  term  in  the  first 
premise  the  first  term  in  the  second  premise,  and  avoid  negations  and 
marked  adjectives.  These  few  rules  for  communicating  linear  information 
show  a basic  cognitive  principle:  negative  information  (no,  not)  is  more 
difficult  to  process  than  positive  information,  in  part  because  it  seems  to 
place  additional  demands  on  working  memory.  There  are  many  times 
when  negation  is  critical  in  understanding  a concept,  so  you  cannot  totally 
avoid  the  use  of  negatives  (including  its  use  in  this  sentence).  Here  is  an 
example  from  Goodwin  and  Johnson-Laird  (2010,  p.  253):  “The  concept  of 
a 'ball'  in  baseball  is  defined  as:  a pitch  at  which  the  batter  does  not  swing 
and  which  does  not  pass  through  the  strike  zone."  Diagrams  are  a good  way 
of  testing  the  validity  of  conclusions  in  deductive  reasoning  because  they 
reduce  the  demands  on  working  memory  (you  do  not  need  to  keep  all  of 
the  relationships  in  memory  when  you  put  them  on  paper).  Diagrams 
make  relationship  among  the  terms  obvious  and  visible. 


Confusing  Truth  and  Validity 

Knowing  is  only  part  of  being  educated,  thinking  and  reasoning  with 
what  we  know  completes  it. 

— Leona  Schauble  & Robert  Glaser  (1990,  p.  9) 

Logically,  the  rules  for  deciding  if  a conclusion  is  valid  are  the  same  no 
matter  what  terms  we  use.  In  the  first  example  in  this  section,  1 could  pro- 
vide the  premise  that  Donald  is  stronger  than  Richard,  or  1 could  substitute 
any  name  that  1 wanted  (Igor  is  stronger  than  Yu-Chin  or  any  letter  or 
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symbol,  C is  stronger  than  A).  The  truth  is  not  important  in  these  exam- 
ples, because  the  premises  are  treated  as  though  they  were  true.  This  prob- 
ably bothered  some  of  you.  Suppose  1 said. 

Your  sister  is  uglier  than  the  wicked  witch  in  the  Wizard  of  Oz. 

You  are  uglier  than  your  sister. 

Therefore,  you  are  uglier  than  the  wicked  witch  in  the  Wizard  of  Oz. 

You  would  probably  protest  this  conclusion.  You  may  not  even  have  a sis- 
ter, but  given  the  premises,  the  conclusion  is  valid.  Test  it  for  yourself. 
However,  that  does  not  make  it  true.  A considerable  portion  of  the  next 
chapter  will  address  the  issue  of  determining  the  truth  or  believability  of 
the  premises.  So  far,  we  have  only  considered  the  question  of  validity: 
whether  a conclusion  must  be  true  if  the  premises  are  true.  People  very 
often  have  trouble  separating  truth  from  validity.  This  is  particularly  diffi- 
cult when  the  conclusion  runs  counter  to  cherished  beliefs  or  strong 
emotion. 

Although  the  rules  of  logic  dictate  that  content  is  irrelevant  to  the  conclu- 
sions we  formulate,  in  most  real-life  situations,  content  does  influence  how 
we  choose  valid  conclusions,  it  is  possible  to  construct  deductive  reasoning 
problems  so  that  the  beliefs  most  people  maintain  conflict  with  logical 
conclusions.  Belief  bias  or  confirmation  bias  occurs  when  an  indi- 
vidual's beliefs  interfere  with  her  or  his  selection  of  the  logical  conclusion. 
This  effect  has  been  demonstrated  many  times,  and  it  is  so  pervasive  that 
it  interferes  with  good  thinking  in  almost  every  context  (Nickerson,  1998). 
Confirmation  bias  is  discussed  in  several  chapters  because  its  effects  are  so 
widespread.  We  all  seem  to  have  difficulty  in  thinking  critically  when  the 
reasoned  conclusion  is  one  that  we  do  not  believe  to  be  true. 

it  should  come  as  no  surprise  to  you  that  human  reasoning  becomes  illogi- 
cal when  we  are  discussing  emotional  issues.  This  is  true  for  people  in  every 
strata  of  society,  even  for  Justices  of  the  United  States  Supreme  Court. 
When  Justice  William  O.  Douglas  was  new  to  the  Supreme  Court,  Chief 
Justice  Charles  Evans  Hughes  gave  him  these  words  of  advice,  "You  must 
remember  one  thing.  At  the  constitutional  level  where  we  work,  ninety 
percent  of  any  decision  is  emotional.  The  rational  part  of  us  supplies  the 
reasons  for  supporting  our  predilections"  (Hunt,  1982,  p.  129).  Unfortu- 
nately, appellate  legal  proceedings  are  sometimes  exercises  in  politics,  with 
decisions  changing  as  frequently  as  the  political  climate.  Legal  "reasoning" 
has  sometimes  served  as  a framework  to  persuade  others  that  a conclusion 
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is  valid.  If  you  understand  how  to  formulate  valid  inferences,  you  will  be 
able  to  withstand  and  recognize  its  misuse  by  those  who  would  use  it  to 
their  advantage. 


"If,  Then"  Statements 

Reason,  of  course,  is  weak,  when  measured  against  its  never-ending 
task. 

Weak,  indeed,  compared  with  the  follies  and  passions  of  mankind, 
which,  we  must  admit,  almost  entirely  control  our  human  destinies,  in 
great  things  and  small. 

— Albert  Einstein  (1879-1955) 

"If,  then"  statements,  like  the  other  examples  of  reasoning  presented  in 
this  chapter,  use  premises  that  are  known  or  assumed  to  be  true  to  deter- 
mine if  a valid  conclusion  follows.  "If,  then"  statements  are  concerned 
with  contingency  relationships — some  events  are  dependent  or  con- 
tingent on  the  occurrence  of  others.  If  the  first  part  of  the  contingency 
relationship  is  true,  then  the  second  part  must  also  be  true.  "If,  then"  state- 
ments are  sometimes  called  conditional  logic  or  propositional  logic. 
Work  through  the  four  following  "if,  then"  statements.  Decide  if  the  third 
statement  is  a valid  conclusion. 

1.  If  she  is  rich,  she  wears  diamonds. 

She  is  rich. 

Therefore,  she  wears  diamonds. 

Valid  or  Invalid? 

2.  If  she  is  rich,  she  wears  diamonds. 

She  is  not  wearing  diamonds. 

Therefore,  she  is  not  rich. 

Valid  or  Invalid? 

3.  If  she  is  rich,  she  wears  diamonds. 

She  is  wearing  diamonds. 

Therefore,  she  is  rich. 

Valid  or  Invalid? 

4.  If  she  is  rich,  she  wears  diamonds. 

She  is  not  rich. 

Therefore,  she  is  not  wearing  diamonds. 

Valid  or  Invalid? 
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In  each  of  these  problems,  the  first  premise  begins  with  the  word  "if";  the 
"then"  is  not  explicitly  stated,  but  can  be  inferred  ("then  she  wears  dia- 
monds"). The  first  part  of  this  premise  (If  she  is  rich)  is  called  the  anteced- 
ent; the  second  part  (she  wears  diamonds)  is  called  the  conseqnent. 


Tree  Diagrams 

Like  the  other  types  of  deductive  reasoning  problems,  conditional  state- 
ments can  be  represented  with  a spatial  display.  Tree  diagrams,  diagrams 
in  which  the  critical  information  is  represented  along  "branches" — like  a 
tree — are  used  in  several  chapters  in  this  book  and  can  be  used  to  deter- 
mine validity  with  "if,  then"  deductive  reasoning  problems.  Tree  diagrams 
are  very  handy  representational  forms  in  many  situations  and  are  well 
worth  the  trouble  of  learning  to  use.  We  will  use  tree  diagrams  in  the  chap- 
ter on  understanding  likelihood,  the  chapter  on  problem  solving,  and  the 
chapter  on  creativity. 

Tree  diagrams  are  easy  to  begin.  Every  tree  diagram  begins  with  a "start" 
point.  A start  point  is  a dot  on  the  paper  that  you  label  "start."  Everyone 
finds  the  first  step  easy. 

• Start 

The  dots  are  more  formally  called  nodes,  and  branches  (lines)  come  out  from 
nodes.  The  branches  represent  everything  that  can  happen  when  you  are  at 
that  node.  In  "if,  then"  problems,  there  are  two  states  that  are  possible  from 
the  start  node.  In  this  example,  either  she  is  rich  or  she  is  not  rich.  There  are 
two  possibilities,  so  there  will  be  two  branches  coming  from  the  start  node. 
The  antecedent  is  the  first  event  on  the  "tree,"  with  a second  branch  represent- 
ing the  consequent.  The  validity  of  the  conclusion  can  be  determined  by  ex- 
amining the  branches.  Let's  try  this  with  the  first  problem. 

"If  she  is  rich"  becomes 


"She  wears  diamonds"  is  added  as  a second  set  of  branches  by  showing  that 
the  "rich"  node  is  always  followed  by  "diamonds,"  but  the  "not  rich"  node 
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may  or  may  not  be  followed  by  "diamonds."  We  put  both  possibilities  on 
the  branches  leading  from  "not  rich"  because  we  are  not  given  any  infor- 
mation about  the  relationship  between  being  "not  rich"  and  "wearing 
diamonds." 


wears  diamonds 


? wears  diamonds 


? doesn't  wears  diamonds 


When  we  are  told  that  "She  is  rich,"  circle  the  branch  or  branches  that  have 
this  label  and  move  along  the  branches  from  the  "rich"  node  and  conclude 
that  she  "wears  diamonds."  There  is  only  one  node  in  this  diagram  that 
represents  the  possibility  that  she  is  rich,  and  this  node  has  only  one 
branch  attached  from  it — the  branch  that  lead  to  "wears  diamonds."  Once 
you  locate  the  "rich"  node,  the  only  possible  consequent  is  "wears  dia- 
monds." Thus,  the  conclusion  to  problem  number  1 is  valid.  The  technical 
term  for  this  problem  is  affirming  the  antecedent,  in  this  case,  the 
second  premise  affirms  or  indicates  the  antecedent  is  true;  therefore,  its 
consequent  is  true. 

Problem  2 also  contains  a valid  conclusion.  The  tree  diagram  is  exactly  the 
same  as  in  the  first  problem  because  the  same  "if,  then"  statements  are 
made,  in  determining  the  validity  of  the  conclusion,  we  begin  with  "She  is 
not  wearing  diamonds,"  which  is  represented  at  only  one  node,  so  we  trace 
this  back  to  the  "not  rich"  node.  Because  the  second  premise  indicates  that 
the  consequent  is  not  true,  this  sort  of  problem  is  technically  called  deny- 
ing the  consequent. 

Many  people  are  willing  to  conclude  that  problem  3 is  also  valid  when,  in 
fact,  it  is  not.  Although  it  must  be  assumed  to  be  true  that  if  she  is  rich,  she 
wears  diamonds,  it  is  also  possible  that  poor  people  wear  diamonds,  i have 
found  that  intelligent  college  students  (and  yes,  many  of  their  professors 
also)  have  difficulty  with  this  problem.  Because  the  second  premise  states 
that  the  consequent  has  occurred,  this  sort  of  problem  is  called  affirming 
the  consequent,  it  is  fallacious  (i.e.,  wrong)  to  believe  that  because  the 
consequent  is  true,  the  antecedent  must  also  be  true,  "if,"  in  these  reason- 
ing problems,  doesn't  mean  "if  and  only  if,"  which  is  how  many  people 
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interpret  it.  Of  course,  she  may  be  rich,  it  may  even  be  more  likely  that  she 
is  rich,  but  we  cannot  conclude  that  she  is  rich  just  because  she  is  wearing 
diamonds.  You  can  see  this  on  the  tree  diagram.  There  are  two  different 
nodes  labeled  “wears  diamonds,"  one  connected  to  the  "rich"  node  and 
one  connected  to  the  "not  rich"  node.  We  cannot  determine  which  must 
be  true  because  either  is  possible. 

The  fallacy  of  affirming  the  consequent  is  one  type  of  deductive  reasoning 
error  called  illicit  conversion.  Illicit  conversions,  in  "if,  then"  statements 
occur  when  people  believe  that  "If  A,  then  B"  also  means  "If  B,  then  A." 

Problem  4 is  also  invalid,  although  it  is  tempting  to  conclude  (especially  if 
you  are  letting  personal  beliefs  or  previous  knowledge  interfere  with  your 
deductive  reasoning)  that  if  she  is  not  rich,  she  is  not  wearing  diamonds. 
Can  you  guess  the  technical  term  for  this  sort  of  problem?  It  is  called  deny- 
ing the  antecedent  because  premise  2 states  that  the  antecedent  is  false. 
Again,  by  starting  at  the  "not  rich"  node,  you  can  see  that  it  is  connected 
to  both  "wears  diamonds"  and  "does  not  wear  diamonds,"  so  either  is 
possible. 

A summary  of  these  four  kinds  of  reasoning,  with  examples  of  each,  is 
shown  in  Table  4.1. 


Table  4.1:  Four  Kinds  of  Reasoning  with  "If,  Then"  Statements 


Antecedent 

Consequent 

Affirming  Affirming  the  Antecedent 
Valid  Reasoning 
Example: 

If  1 am  dieting,  then 
1 will  lose  weight. 

1 am  dieting. 

Affirming  the  Consequent 
Invalid  Reasoning 
Example: 

If  Harry  went  to  the  supermarket, 
then  the  refrigerator  is  full. 

The  refrigerator  is  full. 

Therefore,  1 will  lose  weight. 

Therefore,  Harry  went  to  the  supermarket. 

Denying  Denying  the  Antecedent 
Invalid  Reasoning 
Example: 

If  it  is  raining,  then  my  hair  is  wet. 
It  is  not  raining. 

Denying  the  Consequent 
Valid  Reasoning 
Example: 

If  Judy  and  Bruce  are  in  love,  then  they 
are  planning  to  marry. 

They  are  not  planning  to  marry. 

Therefore,  my  hair  is  not  wet. 

Therefore,  Judy  and  Bruce  are 
not  in  love. 
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Several  popular  advertisements  take  advantage  of  people's  tendencies  to 
make  invalid  inferences  from  "if,  then"  statements.  There  is  a commercial 
for  yogurt  that  goes  something  like  this: 

Some  very  old  people  from  a remote  section  of  the  former  Soviet  Union  are 
shown.  We  are  told  that  people  in  this  remote  region  live  to  be  110  years 
old.  We  are  also  told  that  they  eat  a great  deal  of  yogurt.  The  conclusion 
that  the  advertisers  want  people  to  make  is  that  eating  yogurt  will  make 
you  live  110  years. 

implicitly,  we  are  being  told  that  if  we  eat  yogurt,  then  we  will  live  to  be 
110  years  old.  Of  course,  it  is  possible  to  live  to  be  110  without  ever  tasting 
yogurt,  and  we  have  no  reason  to  believe  that  yogurt  added  years  to  their 
lives.  There  is  no  basis  for  making  the  causal  inference  that  eating  yogurt 
can  cause  anyone  to  live  a long  time.  These  remote  Russians  engage  in 
strenuous  physical  labor  most  of  their  lives  and  do  not  come  into  contact 
with  many  outsiders  who  carry  potentially  contagious  diseases.  Either  of 
these  facts,  or  countless  others,  including  heredity,  could  account  for  their 
longevity,  (it  is  also  possible  that  the  longevity  claim  is  subject  to  ques- 
tion.) The  advertisers  are  obviously  hoping  that  the  viewers  will  fall  prey  to 
the  fallacy  of  affirming  the  consequent  and  say  to  themselves,  "if  1 eat 
yogurt,  1 will  live  to  a very  old  age." 


"If,  Then"  Reasoning  in  Everyday  Contexts 

in  questions  of  science,  the  authority  of  a thousand  is  not  worth  the 
humble  reasoning  of  a single  individual. 

— Galileo  Galilei  (The  Quoteaholic,  http://www.quoteaholic.com.) 

"if,  then"  statements,  like  linear  orderings,  appear  implicitly  in  standard 
prose.  Of  course,  we  seldom  find  them  neatly  labeled  "premise  and  conclu- 
sion." Yet,  they  are  often  the  basis  for  many  common  arguments.  The  fal- 
lacies of  denying  the  antecedent  and  affirming  the  consequent  in  everyday 
contexts  are  quite  common. 

There  is  an  acrimonious  debate  over  the  issue  of  providing  junior  and  se- 
nior high  school  students  with  contraceptive  information.  The  pro  side 
argues  that  if  students  are  given  this  information,  then  they  will  act  re- 
sponsibly when  engaging  in  intercourse.  Formally,  this  becomes:  if  stu- 
dents receive  contraceptive  information,  then  they  will  engage  in 
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"protected"  intercourse.  The  con  side  argues  that  students  should  not  en- 
gage in  intercourse  (whether  protected  or  not);  therefore,  they  should  not 
receive  contraceptive  information.  This  is  an  example  of  the  fallacy  of  de- 
nying the  antecedent.  It  does  not  follow  that  if  they  are  not  given  contra- 
ceptive information,  then  they  will  not  engage  in  intercourse. 


Here  is  another  example,  virtually  verbatim,  from  a news  report.  The  spe- 
cific details  are  not  important  because  examples  of  this  sort  probably  can 
be  gleaned  from  the  news  on  any  day  of  the  week.  Viewers  were  told  that 
if  the  president  of  the  United  States  handled  a tense  situation  with  a poten- 
tially hostile  country  well,  then  a tense  international  situation  would  be 
resolved  without  escalation  of  hostilities.  The  situation  was  resolved  well 
(hostilities  did  not  escalate),  so  the  commentator  concluded  that  the  presi- 
dent handled  the  tense  situation  well.  Of  course,  it  is  possible  that  the  in- 
formation in  the  "if,  then"  statement  is  really  not  true,  and  even  if  the 
president  did  a good  job,  the  situation  could  get  worse.  When  we  reason 
deductively  with  the  laws  of  logic,  we  assume  that  the  propositions  are 
true,  so  let's  put  aside  the  very  real  possibility  that  we  should  not  assume 
it  to  be  true  and  apply  the  principles  of  "if,  then"  reasoning. 


• President  handled  tense  situation  well 


Hostilities  do  NOT  escalate 


President  did  not  handled  tense  situation  well 


<?  Hostilities  do  NOT  escalate 
? Hostilities  DO  escalate 


When  the  situation  is  drawn  out  in  a decision  tree,  it  is  easy  to  see  that  it 
could  have  been  resolved  well,  even  if  the  president  had  not  handled  the 
tense  situation  well.  A point  that  has  been  made  repeatedly  throughout 
this  chapter  is  that  people  often  do  not  reason  according  to  the  laws  of 
formal  logic  without  instruction  in  reasoning.  This  is  an  example  where 
using  the  laws  of  logic  would  help  us  understand  the  situation  better. 

In  everyday  (practical)  reasoning,  we  use  information  that  is  not  stated  in  the 
premises  in  order  to  decide  if  the  conclusion  follows  from  the  premises.  One 
sort  of  knowledge  we  rely  on  is  our  knowledge  about  the  content  of  the  prem- 
ises. The  following  two  sentences  demonstrate  this  point  (Braine,  1978,  p.  19): 

If  Hitler  had  had  the  atomic  bomb  in  1940,  he  would  have  won  the  war. 


and 


If  Hitler  had  had  one  more  plane  in  1940,  he  would  have  won  the  war. 
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Although  logic  dictates  that  people  should  be  able  to  reason  identically 
with  both  of  these  premises  and  should  avoid  the  fallacies  of  affirming  the 
consequent  and  denying  the  antecedent,  in  fact  most  people  find  it  easier 
to  reason  correctly  with  the  first  premise  than  the  second.  As  with  all  of  the 
forms  of  deductive  reasoning  that  will  be  covered  in  this  chapter,  the  con- 
tent of  the  premises  and  our  own  belief  biases  influence  the  way  we  deter- 
mine what  sorts  of  conclusions  we  are  willing  to  accept  as  valid.  According 
to  the  rules  of  formal  logic,  we  should  be  able  to  reason  in  ways  that  are 
independent  of  content.  We  should  all  arrive  at  identical,  logically  correct 
conclusions,  no  matter  what  the  content  is.  Of  course,  humans  are  not 
perfect  logic  machines,  and  there  are  important  individual  differences  in 
the  sorts  of  models  people  use  to  solve  reasoning  problems  (Bucciarelli  & 
Johnson-Laird,  1999).  We  do  and  should  determine  if  the  premises  are  true 
before  deciding  if  a conclusion  follows.  (This  point  will  be  emphasized  in 
the  following  chapter.) 

Confirmation  Bias 

Once  people  form  a hypothesis,  they  tend  to  confirm  rather  than  re- 
fute it:  they  search  for  information  to  support  it,  interpret  ambiguous 
information  as  consistent  with  it,  and  minimize  inconsistent  evidence. 


Confirmation  bias,  the  predilection  to  seek  and  utilize  information  that 
supports  or  confirms  your  hypotheses  or  premises,  can  be  seen  in  this  clas- 
sic problem  (Johnson-Laird  & Wason,  1970): 

Four  cards  are  lying  face  up  on  a table  in  front  of  you.  Every  card  has  a 
letter  on  one  side  and  a number  on  the  other.  Your  task  is  to  decide  if 
the  following  rule  is  true,  "If  a card  has  a vowel  on  one  side,  then  it  has 
an  even  number  on  the  other  side."  Which  card  or  cards  do  you  need  to 
turn  over  in  order  to  find  out  whether  the  rule  is  true  or  false?  You  may 
turn  over  only  the  minimum  number  necessary  to  determine  if  this 
rule  is  true.  Please  stop  now  and  examine  the  cards  below  to  determine 
which  ones  you  would  want  to  turn  over.  Don't  go  on  until  you  have 
decided  which  cards  you  would  want  to  turn  over. 


Few  people  select  the  correct  cards  in  this  problem,  which  has  become 
known  as  the  four-card  selection  task.  It  is  a widely  studied  task  that  is 


Barbara  O'Brien  (2009,  p.  328) 


D 
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popular  in  the  literature  of  cognitive  psychology.  Most  people  respond  "A 
only"  or  "A  and  4."  The  correct  answer  is  "A  and  7."  Can  you  figure  out 
why?  The  best  way  to  solve  this  reasoning  problem  is  to  draw  a tree  dia- 
gram that  corresponds  to  the  statement,  "if  a card  has  a vowel  on  one  side, 
then  it  has  an  even  number  on  the  other  side."  it  should  look  like  this: 

even  number 


? even  number 
? odd  number 

if  A does  not  have  an  even  number  on  the  other  side,  the  rule  is  false. 
Similarly,  if  7 has  a vowel  on  the  other  side,  the  rule  is  false.  What  about  D 
and  4?  D is  a consonant,  it  does  not  matter  if  there  is  an  even  or  odd  num- 
ber on  the  back  because  the  rule  says  nothing  about  consonants.  Because  4 
is  an  even  number,  it  does  not  matter  if  there  is  a vowel  or  consonant  on 
the  back.  The  reason  that  this  is  such  a difficult  problem  is  that  people 
interpret  the  rule  to  also  mean  "if  a card  does  not  have  a vowel  on  one  side, 
then  it  does  not  have  an  even  number  on  the  other  side"  or,  without 
negatives,  "if  a card  has  a consonant  on  one  side,  then  it  has  an  odd  num- 
ber on  the  other  side."  These  alternate  interpretations  are  incorrect.  Do  you 
recognize  the  error  as  denying  the  antecedent?  This  is  a robust  (strong) 
effect,  it  is  an  extremely  difficult  task  because  of  the  crucial  role  of  discon- 
firmation.  People  fail  to  appreciate  the  importance  of  a falsification  strat- 
egy. That  is,  we  need  to  think  of  ways  to  show  that  a hypothesis  may  be 
false,  instead  of  looking  for  evidence  that  would  show  that  a hypothesis 
may  be  correct.  This  is  exacerbated  with  the  incorrect  assumption  that  the 
converse  of  the  rule  is  also  true.  The  only  correct  way  to  solve  this  problem 
is  to  select  only  cards  that  can  falsify  the  rule. 

Part  of  the  difficulty  people  have  with  this  task  may  be  related  to  the  ab- 
stract nature  of  the  problem.  After  all,  there  is  very  little  we  do  in  our  ev- 
eryday life  that  relates  vowels  and  even  numbers.  Try  out  a more  realistic 
and  less  abstract  version  of  this  task  (adapted  from  Johnson-Laird,  Legrenzi, 
& Legrenzi,  1972): 

in  order  to  understand  this  task,  you  may  need  some  background  in- 
formation (depending  on  your  age).  Many  years  ago,  the  United  States 
Post  Office  had  two  different  postage  rates  known  as  first-class  and 
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second-class  mail.  You  could  pay  full  postage,  which  was  5 cents,  if  you 
sealed  your  letter  (first  class),  or  you  could  pay  a reduced,  3-cent  rate, 
if  you  merely  folded  the  flaps  closed  and  did  not  seal  them  (second 
class).  (First  class  mail  had  priority  for  delivery  over  second-class  mail.) 
Suppose  you  are  a postal  employee  watching  letters  as  they  move  across 
a conveyor  belt.  (1  actually  had  a job  like  this  when  1 worked  for  the 
postal  service  while  in  college.)  The  rule  to  be  verified  or  disconfirmed 
is:  "If  a letter  is  sealed,  then  it  has  a 5 cent  stamp  on  it."  Four  letters  are 
shown  in  Figure  4.2.  Which  ones  would  you  have  to  turn  over  to  decide 
if  the  rule  is  true? 

Stop  now  and  work  on  this  problem.  Do  not  go  on  until  you  have  decided 
which  letters  (at  a minimum)  you  would  have  to  turn  over  to  test  this  rule. 
Did  you  notice  that  this  is  the  same  task  that  was  posed  earlier?  The  correct 
answer  is  the  first  sealed  envelope  and  the  last  envelope  (the  one  with  the 
3-cent  stamp).  This  is  an  easier  problem  than  the  more  abstract  one  be- 
cause people  find  it  easier  to  understand  that  a letter  that  is  not  sealed 
could  also  have  a 5-cent  stamp  on  it  than  it  is  to  understand  that  if  the 
letter  is  not  a vowel  it  could  also  have  an  even  number  on  the  back.  Your 
tree  diagram  should  look  like  this: 


5c  stamp 


? 5c  stamp 


? 3c  stamp 


Johnson-Laird  and  Wason  (1977)  found  that  when  the  problem  is  pre- 
sented in  this  realistic  manner,  22  out  of  24  subjects  were  able  to  solve  the 


Figure  4.2  Which  of  these  letters  would  you  turn  over  to  decide  if  the  following  rule  is 
true:  "If  a letter  is  sealed,  then  it  has  a 5-cent  stamp  on  it."  (Adapted  from  Johnson- 
Laird,  Legrenzi,  & Legrenzi,  1972.) 
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problem.  They  concluded  that  our  everyday  experiences  are  relevant  in 
determining  how  we  reason. 

These  results  (and  many  others)  show  that  most  people  can  reason  with  “if, 
then"  statements  when  the  topic  is  familiar  to  them.  But,  when  the  topic 
is  unfamiliar,  most  people  make  the  same  type  of  error,  in  fact,  the  bias  to 
confirm  information  that  we  believe  to  be  true  is  so  pervasive  that  confir- 
mation bias  comes  up  repeatedly  throughout  this  book. 


Permission  and  Obligation  Schemata 

Many  researchers  have  tried  to  understand  why  so  many  people  have  dif- 
ficulty with  the  four-card  selection  task  (i  also  find  it  very  confusing),  but 
have  little  difficulty  when  it  is  rephrased  in  the  stamped  letter  example. 
These  are  identical  problems  from  the  perspective  of  logic — the  rules  for 
reasoning  are  the  same  in  the  two  problems. 

Cheng  and  Holyoak  (1985)  explored  the  basic  differences  in  how  people 
think  about  these  two  problems.  They  postulated  that  when  people  use 
"if,  then"  reasoning  for  pragmatic  purposes,  they  usually  involve  either 
the  permission  to  do  something,  called  permission  schema  (if  some- 
thing is  true,  then  you  have  permission  to  do  something  else)  or  they  in- 
volve an  obligation  or  contractual  arrangement,  called  obligation 
schema  (if  something  is  true,  then  you  have  an  obligation  to  do  some- 
thing else),  in  real  life,  these  are  the  two  most  common  situations  in 
which  people  use  "if,  then"  reasoning,  instead  of  using  the  rules  of  formal 
logic,  people  tend  to  develop  abstract  general  rules  that  work  well  in  spe- 
cific situations  and  help  them  to  achieve  their  goals.  Cheng  and  Holyoak 
found  that  the  permission  and  obligation  schemata  operate  across  do- 
mains. in  other  words,  it  does  not  matter  if  the  topic  concerns  stamped 
letters,  an  agreement  to  perform  a job,  or  permission  to  borrow  the  car. 
Here  is  an  example  of  each: 

If  a passenger  has  been  immunized  against  cholera,  then  he  may  enter  the 
country,  (permission  schema) 

If  you  pay  me  $100,000,  then  I'll  transfer  ownership  of  this  house  to  you. 
(obligation  schema) 

When  "if,  then"  statements  involve  permission  or  obligation,  then  people 
make  few  reasoning  errors.  Furthermore,  when  most  people  understand 
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the  rules  of  permission  and  obligation,  the  content  of  the  statement  does 
not  matter — people  apply  the  rules  appropriately  across  domains.  Cheng 
and  Holyoak  (1985)  also  found  that  when  they  included  a rationale  for  the 
rule,  most  of  the  people  they  asked  to  solve  this  problem  had  no  difficulty 
with  it.  In  the  sealed  envelope  problem,  they  added  the  following  rationale 
for  the  rule,  "The  country's  postal  regulation  requires  that  if  a letter  is 
sealed,  then  it  must  carry  a 20-cent  stamp"  (p.  400).  Thus,  a rule  that  was 
extremely  difficult  to  apply  when  it  was  presented  in  an  abstract  form  was 
easily  used  by  most  people  when  it  was  used  in  a familiar  context  with  an 
explanation. 


"If,  and  Only  if" 

Certain  contexts  seem  to  require  that  we  understand  them  in  a way  that 
is  inconsistent  with  the  laws  of  logic.  Suppose  you  are  told:  "If  you  mow 
the  lawn.  Til  give  you  five  dollars"  (Taplin  & Staudenmeyer,  1973, 
p.  542).  This  statement  invites  the  interpretation,  "If  you  do  not  mow 
the  lawn,  1 will  not  give  you  five  dollars."  In  the  everyday  inference  we 
make  from  language,  this  is  a valid  conclusion,  although  it  is  erroneous 
from  the  perspective  of  formal  logic.  In  understanding  statements  of  the 
"If  p,  then  q"  variety,  the  conclusions  that  we  are  willing  to  accept  as 
valid  depend  very  much  on  what  p and  q are.  In  this  lawn-mowing  ex- 
ample, the  intended  meaning  is  "if,  and  only  if  you  mow  the  lawn,  then 
Til  give  you  five  dollars."  In  dealing  with  real  world  "if,  then"  state- 
ments, you  need  to  decide  whether  the  intended  message  is  "if  p,  then  q" 
or  "if,  and  only  if  p,  then  q."  The  important  point  of  this  example  is  that 
context  is  irrelevant  to  the  laws  of  logic,  which  are  the  same  whether 
you  are  talking  about  pay  for  mowing  a lawn  or  turning  over  a card  to 
check  an  abstract  rule.  It  is  not  surprising  that  people  vary  their  think- 
ing depending  on  context  because  context  is  important  in  real-life 
settings. 


Chained  Conditionals 

We  can  make  things  just  a little  more  complicated  (just  what  you  were  hop- 
ing for),  by  building  on  "if,  then"  statements  and  making  them  into  longer 
chains.  A chained  conditional  occurs  when  two  "if,  then"  statements 
are  linked  so  that  the  consequent  of  one  statement  is  also  the  antecedent 
of  the  other  statement.  With  a chained  conditional,  the  two  premises  are 
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interdependent — they  depend  upon  each  other.  In  skeleton  form,  or  fill-in- 
the-blank  form,  this  becomes: 

If  A,  then  B.  If  B,  then  C. 

As  before,  it  does  not  matter  what  we  use  to  fill  in  for  A,  B,  and  C if  we  are 
reasoning  according  to  the  laws  of  logic.  For  example,  "If  Jodi  wants  to  be 
a physicist,  then  she  will  study  calculus.  If  she  is  studying  calculus,  then 
she  has  a final  exam  on  Wednesday."  With  this  conditional  chain,  we  can 
conclude  that  she  has  a final  exam  on  Wednesday  if  we  learn  that  she 
wants  to  be  a physicist. 

Do  not  be  tempted  to  assume  that  every  time  you  have  three  terms,  you 
have  a chained  conditional.  Consider  this  example. 

If  she  wants  to  be  a physicist,  then  she  will  study  calculus. 

If  she  wants  to  be  a physicist,  then  she  will  have  an  exam  on  Wednesday. 

These  are  two  conditional  statements,  but  they  do  not  have  the  chained 
structure  because  the  consequent  of  one  statement  is  not  the  antecedent  of 
the  other  statement. 

"If,  Then"  Reasoning  in  Legal  Contexts 

Consider  the  sad  saga  of  an  American  star  who  was  accused  of  killing  his 
ex-wife  and  her  friend.  The  specifics  of  this  American  tragedy  are  not  rele- 
vant because  there  are  always  similar  crimes  in  which  the  key  to  the  de- 
fense or  prosecution  hinges  on  "if,  then"  reasoning.  In  this  particular  case, 
the  suspect  had  an  excellent  alibi  from  1 1 p.m.  and  later  on  the  night  of  the 
killing.  In  other  words. 

If  the  murder  occurred  any  time  from  1 1 p.m.  or  later,  the  defendant  is 
innocent. 

The  prosecutor  attempted  to  show  that  the  murder  occurred  prior  to 
11  p.m.  Suppose  that  she  was  successful  in  convincing  the  jury  that  the 
murder  occurred  at  10:30.  What  can  we  conclude  about  the  guilt  or  inno- 
cence of  the  defendant? 

To  make  it  easier  for  you,  I have  drawn  the  tree  diagram  that  corresponds 
to  this  real-life  situation. 
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defendant  is  innocent 


? defendant  is  innocent 


? defendant  is  guilty 


I hope  that  you  determined  that  if  the  murder  occurred  at  10:30,  we  do  not 
know  if  the  defendant  is  guilty  or  innocent.  Unless  there  is  other  evidence 
that  "proves  beyond  a reasonable  doubt"  that  the  defendant  committed 
these  grisly  murders,  then  the  jury  must  acquit  him.  They  cannot  convict 
a man  because  of  the  error  of  denying  the  antecedent.  If  anyone  tries  to  tell 
you  that  this  critical  thinking  stuff  is  a "bunch  of  bunk"  (or  some  more 
colorful  phrase),  then  give  him  this  example  in  which  misunderstanding 
could  lead  to  a wrongful  conviction.  Whom  would  you  want  on  a jury  that 
decides  your  guilt  or  innocence — people  who  think  critically  or  those  who 
rush  to  a hasty  decision  and  are  easily  misled  with  persuasive  techniques? 


"If,  Then"  Reasoning  as  Therapy  for  Children  with  Attention 
Deficit  Disorder 

The  mental  links  created  by  if-then  plans  support  goal  attainment  on 
the  basis  of  psychological  processes  that  relate  to  both  the  anticipated 
situation  (if-part)  and  the  goal-directed  response  (then-part).  As  forming 
an  if-then  plan  implies  the  selection  of  a future  situation,  the  mental 
representation  of  this  situation  becomes  highly  activated,  and  therefore 
more  easily  accessible. 

— Caterina  Gawrilow,  Peter  M.  Gollwitzer,  and  Gabriele  Oettingen 

(2011,  pp. 618-619) 

"If,  then"  reasoning  is  the  basis  for  a treatment  that  is  used  with  children 
who  have  Attention  Deficit  Hyperactivity  Disorder  (ADHD;  Gawrilow, 
Gollwitzer,  & Oettingen,  2011).  As  the  name  of  the  disorder  implies,  chil- 
dren with  this  disorder  are  inattentive  and  hyperactive.  One  way  of  help- 
ing children  "stay  on  task"  is  to  provide  them  with  the  cognitive  tools  that 
can  help  them  self-regulate  their  behavior.  Children  with  ADHD  are  taught 
"if,  then"  planning  in  the  format  of  "If  situation  X is  encountered,  then  1 
will  perform  Y."  Research  has  shown  that  "if,  then  plans"  are  beneficial  for 
children  with  ADHD.  Researchers  believe  that  this  is  an  effective  strategy 
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because  it  creates  a mental  representation  that  can  be  recalled  automati- 
cally, thus  making  fewer  demands  on  working  memory. 


Combinatorial  Reasoning 


We  recognize  the  gravity  of  the  challenge  to  get  our  students  to  think, 
to  think  critically,  and  even  to  think  scientifically.  Certainly  it  is  abun- 
dantly clear  to  me  that  science  education  fails  if  it  doesn't  tackle  the 
matter  of  thinking. 

— A.  Hugh  Munby  (1982,  p.  8) 

One  approach  to  enhancing  reasoning  skills  is  based  on  a model  of  intel- 
ligence that  was  proposed  by  the  Swiss  psychologist  Jean  Piaget.  Piaget  was 
primarily  concerned  with  the  way  people  acquire  knowledge  and  the  way 
cognitive  processes  change  throughout  childhood  and  early  adulthood. 
According  to  Piaget,  there  are  four  broad  developmental  periods  (each  bro- 
ken into  stages).  As  people  move  from  infancy  into  adolescence,  their  cog- 
nitive abilities  mature  in  qualitatively  distinct  stages  culminating  with  the 
ability  to  think  in  orderly,  abstract  ways.  It  seems  that  Piaget  underesti- 
mated the  age  at  which  most  people  would  master  this  task.  In  a study  of 
the  age  at  which  most  people  are  able  to  use  combinatorial  reasoning 
(without  instruction),  graduate  students  with  an  average  age  of  36  outper- 
formed undergraduates  with  an  average  age  of  24,  showing  that  these  abili- 
ties continue  to  develop  long  after  adolescence  (Mwamwenda,  1999).  It 
seems  that  most  people  would  benefit  from  a short  review  of  combinatorial 
reasoning.  Piaget's  examples  of  abstract  thought  involve  thinking  skills 
that  are  needed  to  understand  scientific  concepts.  One  of  the  scientific 
reasoning  skills  that  Piaget  believed  to  be  important  is  combinatorial 
reasoning,  which  is  the  use  of  systematic  and  orderly  steps  when  making 
combinations  so  that  all  possible  combinations  are  formed.  Here  is  a classic 
task  that  involves  this  skill: 

Mixing  colorless  chemicals:  This  task  involves  mixing  chemicals 
until  a yellow  color  is  obtained.  Suppose  that  you  were  given  four  bot- 
tles of  odorless,  colorless  liquids.  They  appear  to  be  identical  except  for 
being  labeled  1,  2,  3,  and  4.  You  are  also  given  a fifth  beaker  labeled  X, 
which  is  the  "activating  solution."  The  activating  solution  is  always 
needed  to  obtain  the  yellow  color,  which  results  from  a chemical  reac- 
tion. How  would  you  go  about  finding  which  of  the  chemicals  in  com- 
bination will  yield  the  yellow  color? 
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Some  rules:  The  amount  of  each  chemical  is  not  important,  nor  is  the 
order  in  which  you  combine  them.  It  may  help  you  in  working  on  this 
problem  to  visualize  the  materials  as  presented  in  Figure  4.3. 

Stop  now  and  think  about  how  you  would  approach  this  problem.  Do 
not  go  on  until  you  have  written  down  all  of  the  tests  you  would 
perform. 

How  did  you  approach  this  problem?  Did  you  realize  that  you  needed  an 
organized  plan  or  did  you  begin  by  randomly  mixing  the  liquids?  The  best 
approach  to  this  task  is  a very  methodical  one.  It  must  include  mixing  each 
liquid  separately  with  the  activating  solution  (1+X,  2+X,  3+X,  4+X),  then 
carefully  mixing  two  liquids  at  a time  with  X (1+2+X,  1+3+X,  1+4+X, 
2+3+X,  2+4+X,  3+4+X),  then  three  at  a time  with  X (1+2+3+X,  1+2+4+X, 
1+3+4+,  2+3+4+X),  then  all  four  at  once  (1+2+3+4+X),  being  careful  to 
observe  which  combinations  would  yield  the  yellow  color.  Look  over  the 
way  the  chemicals  were  combined  in  a systematic  manner  so  that  no  com- 
binations would  be  missed  or  duplicated.  This  technique  of  systematic 
combinations  will  be  needed  to  perform  the  reasoning  tasks  in  the  next 
section. 


Syllogistic  Reasoning 


Nothing  intelligible  ever  puzzles  me. 

Logic  puzzles  me. 

— Lewis  Carroll  (1832-1898) 
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Syllogistic  reasoning  is  a form  of  reasoning  that  involves  deciding 
whether  a conclusion  can  properly  be  inferred  from  two  or  more  statements. 
One  type  of  syllogistic  reasoning  is  categorical  reasoning.  Categorical  rea- 
soning involves  qnantifiers — terms  like  "all,"  "some,"  "none,"  and 
"no" — ^which  indicate  how  many  items  belong  in  specified  categories. 

A syllogism  usually  consists  of  two  statements  that  are  called  premises 
and  a third  statement  called  the  conclusion.  In  categorical  syllogisms, 
quantifiers  are  used  in  the  premises  and  conclusion.  The  task  is  to  deter- 
mine if  the  conclusion  follows  logically  from  the  premises. 

The  premises  and  conclusion  of  a syllogism  are  classified  according  to 
mood.  (The  word  "mood"  has  a special  meaning  in  this  context  that 
is  unrelated  to  its  more  usual  meaning  about  how  someone  feels.) 
There  are  four  different  moods,  or  combinations  of  positive  and  nega- 
tive statements  with  the  terms  "all"  or  "some."  The  four  moods  are: 


Mood 

Abstract  Example 

Concrete  Example 

Universal  Affirmative 

All  A are  B. 

All  students  are  smart. 

Particular  Affirmative 

Some  A are  B. 

Some  video  games  are 
fun. 

Universal  Negative 

No  A are  B. 

No  smurfs  are  pink. 

Particular  Negative 

Some  A are  not  B. 

Some  democrats  are  not 
liberals. 

As  you  can  see  from  this  table,  a statement  is  universal  if  it  contains  the  terms 
"all"  or  "no";  it  is  particular  if  it  contains  the  term  "some";  it  is  negative  if  it 
contains  "no"  or  "not";  and  it  is  affirmative  if  it  is  not  negative.  Thus,  it  should 
be  easy  to  classify  the  mood  of  any  statement  by  identifying  the  key  terms. 

Work  through  the  following  syllogism  and  decide  if  the  conclusion  is  valid  (V) 
or  invalid  (1).  To  be  valid,  the  conclusion  must  always  be  true  given  its  prem- 
ises. In  other  words,  when  you  decide  that  a syllogism  is  valid,  you  are  saying 
"if  the  premises  are  true,  then  conclusion  must  be  true."  In  other  words,  "Does 
the  conclusion  'follow  from'  the  premises?"  If  you  can  think  of  one  way  that  the 
conclusion  could  be  false  when  the  premises  are  true,  then  it  is  invalid. 

Premise  #1:  All  people  on  welfare  are  poor. 

Premise  #2:  Some  poor  people  are  dishonest. 

Conclusion:  Some  people  on  welfare  are  dishonest.  Valid  or  Invalid? 
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According  to  the  rules  of  logic,  it  should  not  matter  if  the  syllogisms  are 
presented  in  abstract  terms  of  A's  and  B's  (e.g.,  Some  A are  not  B),  nonsense 
terms  like  zev  and  creh  (All  zev  are  creh),  or  meaningful  terms  like  lawyers 
and  cool  (No  lawyers  are  cool).  The  logical  rules  for  deciding  if  a conclusion 
can  he  validly  inferred  from  the  premises  remain  the  same.  We  are  really 

saying  "All are ."  It  should  make  no  difference  how  we  fill  in 

the  blanks;  any  letters,  nonsense  or  meaningful  words,  or  even  fancy  pic- 
tures should  be  handled  in  the  same  way.  However,  from  a psychological 
perspective,  there  are  important  content  differences,  and  people  have  dif- 
ficulty using  the  rules  of  syllogistic  reasoning  when  the  conclusion  is  not 
one  that  they  believe  to  be  true,  even  if  logically  it  follows  from  the  prem- 
ises. One  way  to  avoid  the  problem  of  having  one's  biases  affect  how  we 
reason  with  quantifiers  is  to  use  circle  diagrams  which,  like  linear  diagrams 
and  tree  diagrams,  alleviate  the  limitations  of  short  term  memory  and 
make  relationships  obvious  and  visible. 

How  did  you  go  about  deciding  if  the  conclusion  was  valid?  There  are  two 
different  types  of  strategies  that  can  be  used  with  syllogisms  to  determine 
if  a conclusion  follows  from  its  premises.  If  you've  been  reading  the  chap- 
ters in  order,  then  you  know  that  a common  approach  to  improving  think- 
ing is  the  deliberate  use  of  both  spatial  and  verbal  strategies.  The  same  two 
approaches  apply  here.  First,  1 present  a spatial  method  for  testing  conclu- 
sions, and  then  1 provide  verbal  rules  that  can  also  be  used.  Either  method 
will  "work,"  but  you  will  probably  find  that  you  prefer  one  method  over 
the  other.  1 have  been  teaching  this  material  to  college  students  for  many 
years  and  have  found  that  individual  students  have  very  strong  preferences 
for  either  circle  diagrams  or  verbal  rules. 

Circle  Diagrams  for  Determining  Validity 

One  way  of  determining  if  a conclusion  is  valid  is  with  the  use  of  circle  dia- 
grams that  depict  the  relationships  among  the  three  terms  (A,  B,  C,  or 
whatever  we  used  to  fill  in  the  blanks).  The  degree  to  which  the  circles 
overlap  depicts  the  inclusion  or  exclusion  of  the  categories. 

There  are  several  different  methods  of  drawing  diagrams  to  depict  the  rela- 
tionships between  the  terms  in  a syllogism.  One  of  these  methods  is  known 
as  Venn  Diagrams,  named  for  a 19*  century  English  mathematician  and 
logician  who  first  introduced  them.  These  are  the  same  diagrams  that  you 
probably  used  in  mathematics  classes  if  you  ever  studied  set  theory.  (This 
was  a very  popular  way  to  teach  the  "new  math"  before  it  was  abandoned 
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and  replaced  with  the  "old  math.")  A second  method  of  diagramming  re- 
lationships is  known  as  Euler  Diagrams.  According  to  popular  lore,  this 
method  was  devised  by  Leonard  Euler,  an  18“*  century  Swiss  mathematician 
who  was  given  the  task  of  teaching  the  laws  of  syllogistic  reasoning  to  a 
German  princess.  Because  the  princess  was  having  difficulty  understanding 
the  task,  Euler  created  a simple  procedure  that  could  be  used  to  understand 
the  relationships  between  the  terms  and  to  check  on  the  validity  of  infer- 
ences. A third  method  is  called  the  ballantine  method  because  of  its  use  of 
three  overlapping  circles,  in  all  of  these  methods,  circles  are  used  to  indi- 
cate category  membership.  The  differences  between  these  methods  are  not 
important  here,  and  the  general  strategy  of  checking  conclusions  with  cir- 
cle drawings  will  be  referred  to  as  circle  diagrams,  if  you  have  learned  a 
different  method  of  circle  diagrams  in  another  context  (e.g.,  a class  on  set 
theory  or  a logic  class),  then  continue  to  use  that  method  as  long  as  it 
works  well  for  you. 

Look  very  carefully  at  Figure  4.4  on  page  204. 

The  four  moods  that  statements  in  syllogisms  can  have  are  listed  in  the 
left-hand  column  of  Figure  4.4.  Next  to  each  statement  are  circle  diagrams 
that  are  correct  depictions  of  the  relationships  in  the  statement.  One  circle 
represents  everything  that  is  A,  and  a second  circle  represents  everything 
that  is  B.  For  the  purposes  of  deductive  reasoning,  it  does  not  matter  what 
A and  B are.  in  the  example  in  Figure  4.4,  A is  used  to  stand  for  angels  and 
B is  used  to  stand  for  bald,  but  it  could  be  anything.  1 could  just  as  easily 
have  used  A to  stand  for  college  students  and  B to  stand  for  punk 
rockers. 

Look  at  the  way  the  circles  are  combined  so  that  they  form  a "picture"  of 
what  is  being  said  in  words.  Let's  start  in  the  middle  of  the  figure,  with  "Uni- 
versal Negative,"  the  easiest  example.  When  we  say,  "No  A are  B,"  this  means 
that  nothing  that  is  in  category  A is  also  in  category  B.  This  is  depicted  by 
drawing  a circle  labeled  A and  one  labeled  B that  do  not  touch  or  overlap  in 
any  way.  There  is  only  one  way  to  draw  this  relationship.  Notice  that  when 
we  say,  "No  A are  B,"  we  are  also  saying  that  "No  B are  A."  Can  you  see  that 
from  the  circle  diagram?  Every  time  you  have  a universal  negative,  the  rela- 
tionship will  be  "pictured"  with  two  circles  that  do  not  overlap — one  for 
things  that  are  A and  one  for  things  that  are  B. 

Consider  now  Universal  Affirmative,  "All  A are  B."  Again  we  use  two 
circles — one  labeled  A and  one  labeled  B.  And  again,  we  want  to  draw  the 
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Figure  4.4  Circle  diagrams  depicting  correct  interpretations  of  the  premises  used  in 
syllogisms.  Note  that  "all"  can  have  two  correct  interpretations,  "some"  can  have  four 
correct  interpretations,  "no"  has  one  correct  interpretation,  and  "some  not"  can  have 
three  correct  interpretations. 


two  circles  so  that  they  represent  the  relationship  in  which  everything  that 
is  A is  B.  As  you  can  see  in  Figure  4.4,  there  are  two  different  ways  of  depict- 
ing this  relationship  because  there  are  two  possible  correct  ways  of  under- 
standing what  it  means.  By  drawing  the  A circle  inside  the  B circle,  we  are 
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depicting  the  case  where  "All  A are  B,"  but  there  are  some  B that  are  not  A 
(some  bald  people  are  not  angels).  The  second  drawing  shows  the  case 
where  "All  A are  B,"  and  "All  B are  A"  (all  bald  people  are  angels).  Either  of 
these  two  interpretations  could  be  true  when  we  are  told  that  "All  A are  B." 

Do  not  be  discouraged  if  this  seems  difficult  to  you.  It  will  soon  be  easier 
as  it  becomes  more  meaningful  and  you  work  your  way  through  the  ex- 
amples. Look  at  the  other  two  possibilities  in  Figure  4.4.  There  are  three 
possible  ways  to  depict  Particular  Negative  (Some  A are  not  B)  and  four 
possible  ways  to  depict  Particular  Affirmative  (Some  A are  B).  Now  look  at 
all  of  the  moods  and  notice  the  different  ways  that  two  circles  can  be  com- 
bined. There  are  five  different  possible  ways  to  combine  two  circles,  and 
each  combination  represents  a different  meaning. 


Let's  draw  circle  diagrams  to  depict  the  relationships  in  the  syllogism  about 
poor  people.  The  first  two  sentences  are  the  premises.  Write  out  each  prem- 
ise and  next  to  each  premise,  draw  the  appropriate  circle  diagrams.  For 
example,  the  first  premise  states,  "All  people  on  welfare  are  poor."  In  skel- 
etal form,  it  is  "All  A are  B"  with  A standing  for  "people  on  welfare"  and  B 
standing  for  "poor."  You  should  recognize  this  as  Universal  Affirmative.  Go 
to  Figure  4.4,  look  across  from  Universal  Affirmative,  and  you  will  see  that 
there  are  two  possible  ways  to  draw  circles  that  correspond  to  this  premise. 
Repeat  this  with  the  second  premise:  Some  poor  people  are  dishonest.  You 
already  decided  that  A = people  on  welfare,  and  B = poor.  The  new  term, 
dishonest,  can  be  represented  by  C.  The  second  premise  then  becomes: 
Some  B are  C.  This  is  an  example  of  Particular  Affirmative.  Look  across 
from  Particular  Affirmative  on  Figure  4.4  and  you  will  see  that  there  are 


1.  A and  B do  not  overlap: 
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four  possible  ways  to  draw  circles  to  represent  this  relationship.  The  only 
difference  is  that  for  Premise  2,  we  are  using  the  letters  B and  C to  stand  for 
the  categories.  Thus,  the  first  two  premises  will  look  like  this: 

A = people  on  welfare;  B = poor;  C = dishonest. 

Premise  1:  All  people  on  welfare  are  poor. 

(All  A are  B.) 

Premise  la  Premise  1b 

or 

Premise  2:  Some  poor  people  are  dishonest. 

(Some  B are  C.) 

Premise  2a  Premise  2b 

© 

Premise  2c  Premise  2d 


To  determine  if  the  conclusion  is  valid,  we  systematically  combine  each  of 
the  figures  in  the  first  premise  with  each  of  the  figures  in  the  second  prem- 
ise. If  we  find  one  combination  that  would  not  correspond  to  the  conclu- 
sion, then  we  can  stop  and  decide  that  the  conclusion  is  invalid.  If  we 
make  all  possible  combinations  of  figures  from  Premise  1 and  figures  from 
Premise  2,  and  they  are  all  consistent  with  the  conclusion,  then  the  conclu- 
sion in  valid.  In  other  words,  if  all  combinations  of  Premise  1 with  Premise 
2 support  the  conclusion,  then  the  conclusion  is  valid.  The  first  few  times 
you  work  on  these,  it  may  seem  laborious,  but  you  will  soon  “see"  the  an- 
swers and  find  ways  to  short  cut  the  process  of  working  through  all  the 
combinations. 


Here  is  the  conclusion: 

Some  poor  people  on  welfare  are  dishonest. 
(Some  A are  C.) 
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Conclusion  A 


Conclusion  B 


Conclusion  C 


Conclusion  D 


Premise  1 has  two  possible  drawings  and  Premise  2 has  four  possible  draw- 
ings. You  can  see  that  I labeled  the  two  Premise  1 drawings  la  and  lb  and 
the  four  Premise  2 drawings  2a,  2b,  2c,  and  2d.  To  work  systematically,  you 
need  to  use  the  combinatorial  reasoning  rules  that  were  presented  in  the 
last  section.  Start  with  la  and  combine  it  with  2a,  then  la  and  2b,  la  and 
2c,  la  and  2d.  Then  repeat  the  pattern  by  combining  lb  with  2a,  then  lb 
with  2b,  then  lb  with  2c,  and  finally  lb  with  2d.  Of  course,  you  hope  that 
you  won't  have  to  go  through  this  entire  procedure  because  you  can  stop 
as  soon  as  you  find  one  combination  that  violates  the  conclusion  that 
"Some  A are  C."  Work  along  with  me. 


Premise  1 a + Premise  2a 


(A  inside  B.)  (B  inside  C.) 


When  1 combine  these  two  depictions,  1 will  get  a figure  with  A inside 
B inside  C: 


This  combination  shows  a result  that  is  consistent  with  the  conclusion  that 
"Some  A are  C."  Go  on! 


Premise  la  + Premise  2b 


(A  inside  B.)  (B  and  C are  the 

same  circle.) 
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When  I combine  lb  and  2b,  I get  a depiction  where  A is  inside  the  B/C 
circle. 


This  is  consistent  with  the  conclusion  that  "Some  A are  C."  Go  on! 

Premise  la  + Premise  2c 


(A  inside  B.)  (C  inside  B.) 

This  gets  a little  tricky  here,  because  there  are  several  different  ways  to 
combine  la  and  2c  and  we  have  to  try  all  of  them  until  we  run  out  of  com- 
binations or  find  one  that  is  not  consistent  with  the  conclusion.  Here  we 
draw  all  ways  that  A can  be  inside  B and  C can  be  inside  B. 

A and  C are  the  same  circle  inside  B. 


This  is  still  consistent  with  "Some  A are  C."  Go  on! 
A and  C partially  overlap  inside  B. 


This  is  still  consistent  with  "Some  A are  C."  Go  on! 
A and  C are  two  circles  inside  B. 


This  does  not  agree  with  the  conclusion  that  "Some  A are  C."  Stop  here!  As 
soon  as  you  draw  one  combination  of  the  premises  in  which  the  conclu- 
sion is  invalid,  you  can  decide  that  it  is  invalid.  1 know  that  this  seems  like 
a lot  of  work  (because  it  is),  but  after  you  work  a few  problems,  you  can 
spot  the  combinations  that  will  make  a conclusion  invalid,  so  you  will  not 
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need  to  try  every  possible  combination.  Until  then,  work  systematically 
through  all  combinations.  A list  of  steps  for  checking  the  validity  of  con- 
clusions with  circle  diagrams  is  shown  in  Table  4.2.  Stop  now  and  look  over 
the  steps. 

Verbal  Rules  for  Determining  Validity 

It  is  a peculiar  thing  about  circle  diagrams:  Some  people  love  working  on 
them  and  others  seem  to  hate  them.  The  problem  in  working  with  them  is 
trying  all  possible  combinations  of  representations  for  both  premises. 
People  who  prefer  to  think  spatially  seem  to  “see"  the  combinations  with 
apparent  ease,  while  those  who  prefer  verbal  modes  of  representation  seem 
to  have  more  difficulty.  For  those  of  you  who  have  difficulty  combining 
premises  into  circle  relationships,  take  heart  because  there  are  verbal  rules 
for  determining  if  the  conclusion  of  a syllogism  is  valid.  These  rules  will 
work  just  as  well  as  circle  diagrams.  There  are  seven  rules  that  can  be  used 
to  determine  the  validity  of  a conclusion.  In  order  to  use  these  rules,  there 
are  two  additional  terms  that  you  need  to  learn. 


Table  4.2:  Steps  for  Determining  the  Validity  of  Conclusions  Using  Circle 
Diagrams 

1.  Write  out  each  premise  and  the  conclusion  of  the  syllogism. 

2.  Next  to  each  statement,  draw  all  correct  diagrams  using  the  diagrams 
shown  in  Figure  4.1 . 

3.  Systematically  combine  all  diagrams  for  Premise  1 with  all  diagrams  for 
Premise  2.  Try  Premise  la  (the  first  diagram  for  Premise  1)  with  Premise 
2a  (the  first  diagram  for  Premise  2).  Continue  combining  Premise  la 
with  all  Premise  2 diagrams,  then  go  on  and  combine  all  Premise  lb  with 
all  Premise  2 diagrams.  Continue  in  this  manner  (Premise  Ic  with  all 
Premise  2 diagrams,  then  Premise  Id  with  all  Premise  2 diagrams)  until 

4.  You  find  one  diagram  in  which  the  conclusion  is  invalid  or 

5.  You  have  tried  all  combinations  of  Premise  1 and  Premise  2 diagrams. 

Note.  Sometimes  there  will  be  more  than  one  way  to  combine  diagrams  form  the  two 
premises.  Be  sure  to  try  all  combinations. 

When  trying  out  all  combinations,  remember  that  there  are  five  possible  ways  to  combine 
two  circles:  (a)  A inside  B,  (b)  B inside  A,  (c)  A and  B overlapping  partially,  (d)  A and  B 
with  no  overlap  (two  separate  circles),  and  (e)  A and  B represented  by  one  circle  (A  and 
B are  the  same  circle). 
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There  are  three  categories  named  in  syllogisms — the  A,  B,  and  C,  or  what- 
ever category  names  we  substitute  for  them  in  more  concrete  examples. 
One  of  these  categories  is  called  the  middle  term.  To  determine  which 
term  is  the  middle  term,  go  to  the  conclusion.  There  are  two  categories  in 
the  conclusion;  one  is  the  subject  of  the  sentence,  the  other  is  in  the  predi- 
cate. The  category  that  is  not  mentioned  in  the  conclusion  is  the  middle 
term.  It  is  called  the  middle  term  because  it  links  the  other  two  terms  in 
the  premises.  Look  back  at  syllogism  we  just  solved  with  circle  diagrams. 
The  conclusion  is  "Some  people  on  welfare  are  dishonest."  "People  on  wel- 
fare" is  the  subject  of  this  sentence,  and  "dishonest"  is  in  the  predicate.  The 
middle  term  is  "poor."  The  middle  term  is  in  both  premises,  but  it  is  not  in 
the  conclusion. 

The  second  term  that  you  need  to  know  is  distributed.  A term  is  distrib- 
uted if  the  statement  applies  to  every  item  in  the  category.  Consider  the 
four  types  of  category  relationships  shown  in  Table  4.3.  Next  to  each  one  1 
have  indicated  which  terms  are  distributed  and  which  terms  are  undistrib- 
uted. As  you  will  see  in  Table  4.3,  categories  that  are  modified  by  "all," 
"no,"  and  "not"  are  distributed. 

Look  carefully  at  the  statement  "All  A are  B."  B is  undistributed  in  this 
statement  because  there  may  be  some  B that  are  not  A,  so  the  statement  is 
not  about  every  B.  On  the  other  hand,  consider  "No  A are  B."  In  this  case, 
B is  distributed  because  when  we  say  "No  A are  B,"  we  are  also  saying  "No 
B are  A."  Thus,  in  the  second  case,  the  statement  is  about  all  B. 

For  a conclusion  to  be  valid,  the  syllogism  must  pass  all  of  the  rules  in 
Table  4.4.  If  it  fails  on  any  one  of  them,  then  it  is  invalid. 

Table  4.3:  Distributed  and  Undistributed  Terms  in  the  Four  Modes  of  Syllogisms 

All  A are  B.  A is  distributed.  (A  is  modified  by  "all.")B  is 

undistributed.  (B  is  undistributed  because  there 
may  be  some  B that  are  not  A.) 

Some  A are  B.  Both  A and  B are  undistributed. 

No  A are  B.  Both  A and  B are  distributed.  (Both  A and  B are 

modified  by  "no.")  (This  is  the  same  as  saying  that 
"No  B are  A.") 

Some  A are  not  B.  A is  undistributed. B is  distributed.  (B  is  modified  by 
"not.") 
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Table  4.4:  Rules  for  Determining  Validity  of  Conclusions  When  Reasoning 
with  Quantifiers 

1 . If  the  conclusion  is  negative,  one  premise  must  be  negative,  and 
conversely,  if  one  premise  is  negative,  the  conclusion  must  be  negative. 

2.  The  middle  term  must  be  distributed  in  at  least  one  premise. 

3.  Any  term  that  is  distributed  in  the  conclusion  must  be  distributed  in  at 
least  one  premise. 

4.  If  both  premises  are  particular,  there  are  no  valid  conclusions. 

5.  If  one  premise  is  particular,  the  conclusion  must  be  particular. 

6.  At  least  one  premise  must  be  affirmative.  (There  are  no  valid  conclusions 
with  two  negative  premises.) 

7.  No  syllogism  with  a particular  conclusion  can  have  two  universal  premises. 


Let's  apply  these  rules  to  the  syllogism  we  have  already  solved  with  circle 
diagrams. 

Syllogism:  A = people  on  welfare;  B = poor;  C = dishonest 

All  people  on  welfare  are  poor.  (All  A are  B.) 

Some  poor  people  are  dishonest.  (Some  B are  C.) 

Some  people  on  welfare  are  dishonest.  (Some  A are  C.) 

The  middle  term  for  this  syllogism  is  B.  It  is  the  one  mentioned  in  both 
premises  and  is  missing  from  the  conclusion.  The  first  rule  starts  "if  the 
conclusion  is  negative."  Because  the  conclusion  is  positive,  we  can  imme- 
diately go  on  to  the  second  rule.  The  second  rule  states  that  the  middle 
term  must  be  distributed  in  at  least  one  premise.  Let's  check  this.  The 
middle  term  is  B (poor  people),  is  it  modified  by  "all"  or  "not"  in  either 
premise?  it  is  not  distributed  in  either  premise,  so  we  can  stop  here.  This 
conclusion  is  invalid.  But,  of  course,  you  already  knew  that  because  you 
discovered  that  it  was  invalid  when  you  completed  the  circle  diagrams. 

Reasoning  with  False  Premises 

Some  syllogistic  conclusions  are  not  believable,  even  if  they  are  valid,  and 
it  seems  that  these  types  of  syllogisms  are  the  most  difficult  to  solve.  Con- 
sider for  example: 
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All  computer  programmers  spend  more  than  30  hours  a week  on  their 
computer. 

You  spend  more  than  30  hours  a week  on  your  computer. 

Therefore,  you  are  a computer  programmer. 

It  seems  that  if  you  really  are  a computer  programmer,  you  are  more  likely 
to  conclude  that  this  syllogism  is  valid  than  if  you  are  not  a computer 
programmer.  There  seems  to  be  three  processes  involved  in  understanding 
what  happens  when  the  conclusion  of  a syllogism  collides  with  it  personal 
beliefs  (Ball,  Phillips,  Wade,  & Quayle,  2006;  Stupple,  Ball,  Evans,  & Kamal- 
Smith,  2011).  The  three  kinds  of  processing  are  (a)  using  deductive  logic; 
(b)  relying  on  personal  beliefs,  and  (c)  responding  to  their  interaction, 
which  in  this  case  means  that  people  are  more  likely  to  reason  with  their 
personal  beliefs  when  the  conclusion  is  invalid.  There  are  also  individual 
differences  in  how  people  respond,  with  some  people  quickly  responding 
based  on  their  personal  beliefs  and  others  taking  longer  to  respond  as  they 
work  through  the  steps  to  determine  if  a syllogism  is  valid.  As  explained 
earlier  in  this  chapter,  the  more  deliberate  and  rule-based  approach  has 
been  called  System  2 thinking,  and  the  quicker  approach  that  is  based  on 
personal  beliefs  has  been  called  System  1 thinking.  This  distinction  is 
made  in  numerous  places  throughout  this  book. 

Syllogisms  in  Everyday  Contexts 

Human  reasoning  deviates  in  many  ways  from  the  norm  provided  by 
standard  deductive  logic. 

— Henrik  Singmann  and  Karl  Christoph  Klauer  (2011,  p.  247) 

Somewhere  during  the  last  section,  you  may  have  said  to  yourself,  "Why 
bother!"  It  may  seem  that  syllogisms  are  artificial  stimuli  created  solely  to 
make  work  for  students  and  teachers.  If  you  did  have  this  thought,  you 
were  questioning  the  ecological  validity  of  syllogisms.  Ecological  valid- 
ity concerns  the  real  world  validity  or  applications  of  a concept  outside  of 
the  laboratory  or  classroom.  In  other  words,  do  people  use  syllogistic  rea- 
soning in  real-world  contexts?  When  the  premises  are  not  meaningful  or 
useful  (e.g.,  "some  lawyers  are  rich"),  it  is  easy  to  see  why  so  many  people 
believe  that  learning  the  skills  of  deductive  reasoning  is  also  not  meaning- 
ful or  useful.  Many  people  have  argued  that  it  is  irrelevant  to  how  we  think 
in  our  everyday  lives  (Evans  & Elqayam,  2011)  and  that  "few  problems  of 
consequence  in  our  lives  have  deductive  or  even  any  meaningful  kind  of 
'correct'  solution"  (Sternberg,  2011,  p.  270).  1 think  it  is  more  accurate  to 
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conclude  that  they  are  of  some,  but  limited,  usefulness.  There  are  many 
areas  where  they  are  important,  such  as  making  a diagnosis  or  solving  a 
mathematical  problem  or  deciding  if  a particular  legal  conclusion  is  valid 
given  an  existing  law.  There  are  many  more  situations  in  which  the  correct 
conclusion  depends  on  probabilities  and  whether  a particular  source  of 
information  is  credible.  Anyone  solving  mathematical  proofs  or  other 
problems  that  are  in  the  form  of  syllogisms  will  need  to  know  how  to  de- 
termine deductive  validity. 

Syllogistic  reasoning  and  the  other  types  of  reasoning  like  linear  ordering 
and  "if,  then"  statements  are  sometimes  considered  as  a subset  of  problem 
solving.  Often,  when  solving  a problem,  we  begin  with  statements  that  we 
believe  or  know  to  be  true  (the  premises)  and  then  decide  which  conclu- 
sions we  can  logically  infer  from  them.  Syllogisms  also  appear  implicitly  in 
normal  English  prose.  Of  course,  in  natural  context,  the  premises  and  con- 
clusions are  not  labeled,  but  the  underlying  structure  is  much  the  same. 
They  are  especially  easy  to  spot  in  legal  and  political  arguments  and  thus 
often  appear  on  standardized  tests  for  college,  graduate,  and  law  school 
admissions. 

Here  is  an  example  of  syllogistic  reasoning  that  may  seem  more  like  the 
kind  of  syllogism  you  would  find  in  everyday  contexts:  The  death  sentence 
should  be  declared  unconstitutional,  it  is  the  crudest  form  of  punishment 
that  is  possible,  and  it  is  also  very  unusual.  The  constitution  specifically 
protects  us  against  cruel  and  unusual  punishment. 
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Can  you  conclude  from  these  statements  that  the  death  sentence  is  uncon- 
stitutional? Try  to  formulate  these  sentences  into  standard  syllogism  form 
(two  premises  and  a conclusion).  Use  circle  diagrams  or  the  seven  rules  to 
check  on  the  validity  of  the  conclusion.  Stop  now  and  work  on  this  natural 
language  syllogism. 

Your  syllogism  should  be  similar  to  this: 

Premise  1:  The  death  sentence  is  cruel  and  unusual  punishment. 

Premise  2:  Cruel  and  unusual  punishment  is  unconstitutional. 

Conclusion:  The  death  sentence  is  unconstitutional. 

if  we  put  this  in  terms  of  A,  B,  and  C,  this  roughly  corresponds  to: 

A = the  death  sentence 
B = cruel  and  unusual  punishment 
C = unconstitutional 

This  then  becomes 

All  A are  B. 

All  B are  C. 

All  A are  C. 

in  its  abstract  form,  this  becomes  a syllogism  that  can  be  tested  with  either 
circle  diagrams  or  verbal  rules  that  will  determine  if  the  conclusion  validly 
follows  from  the  premises.  The  point  here  is  that  syllogisms  are  often  con- 
tained in  everyday  arguments.  Medical  providers  are  often  faced  with  prob- 
lems that  take  this  form:  Everyone  with  disease  X will  have  results  from  the 
lab  test  Y.  Some  people  with  results  from  the  lab  test  Y will  not  have  disease 
X.  Although  this  does  not  "look  like"  some  combination  of  "all,"  "some, 
"no,"  and  "some  not,"  can  you  see  how  it  is  the  same  sort  of  problem  with 
different  terms  to  represent  these  relationships?  Often,  we  do  not  recognize 
syllogisms  because  they  are  not  neatly  labeled  by  premise  and  conclusion, 
but  if  you  get  in  the  habit  of  looking  for  them,  you  may  be  surprised  how 
frequently  they  can  be  found. 

Here  is  a political  example:  Tim  Russert  was  a popular  American  journalist 
who  reported  regularly  on  the  televised  news  program  Meet  the  Press,  in  an 
interview  with  former  U.S.  President  George  W.  Bush,  Russert  questioned 


Reasoning  215 


Bush's  military  service.  Russert  told  Bush  that  several  different  news  report- 
ers found  that  there  was  no  evidence  that  Bush  had  reported  to  military 
duty  during  the  time  when  Bush  claimed  that  he  had.  Here  is  Bush's  re- 
sponse to  this  allegation: 

Bush  replied,  'Yeah,  they're  just  wrong.  There  may  he  no  evidence,  hut 
1 did  report.  Otherwise,  1 wouldn't  have  heen  honorably  discharged.' 
That's  the  Bush  syllogism:  The  evidence  says  one  thing;  the  conclusion 
says  another;  therefore,  the  evidence  is  false.  (William  Saletan,  Slate, 
Feh.  2004) 

Here  is  Bush's  response  as  a quantitative  syllogism: 

Everyone  who  has  heen  honorably  discharged  from  the  military  served 
in  the  military. 

George  W.  Bush  was  honorably  discharged  from  the  military 
Therefore:  George  W.  Bush  served  in  the  military. 

The  missing  quantifiers  are:  A = Everyone  honorably  discharged,  B = 
served  in  the  military,  C = Bush,  which  becomes 
All  A are  B. 

All  C are  A. 

Therefore:  All  C are  B.  (Think  of  Bush  as  All  of  Bush) 

Alternatively,  you  could  think  of  this  exchange  as  "if,  then"  reasoning. 
It  would  become 

If  someone  was  honorably  discharged  from  the  military,  then  that  per- 
son served  in  the  military. 

Bush  was  honorably  discharged  from  the  military. 

Both  of  these  deductive  forms  of  reasoning  make  Bush's  response  valid.  Of 
course,  it  is  possible  that  the  premises  are  false,  but  if  the  task  is  to  deter- 
mine whether  the  conclusion  follows  validly  from  the  premises  that  are 
stated,  then  Bush  is  logically  correct. 

Circle  Diagrams  can  Capture  Complex  Relationships 

There  are  many  reasons  to  learn  how  to  use  circle  diagrams  as  an  aid  to 
thinking.  A well  drawn  set  of  circle  diagrams  can  convey  complicated  in- 
formation in  a single  figure.  Figure  4.5  shows  the  percentage  of  Americans 
who  believe  in  evolution  (14%),  creationism  (44%)  and  a mix  of  the  two  in 
which  God  created  the  world  through  evolution  (36%).  Notice  that  these 
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36% 


Cod  created  the  world 
but  allowed  It  to  evolve 


Figure  4.5  The  beliefs  of  Americans  about  evolution  shown  in  circle  diagrams.  From 
"Darwin's  Rottweiler"  by  Lisa  Miller,  Newsweek,  September  25,  2009,  p.  53. 


numbers  do  not  add  up  to  100%,  most  probably  because  the  missing  6% 
did  not  fit  into  any  of  these  categories,  perhaps  responding  that  they  do 
not  know  or  they  refuse  to  answer. 

Missing  Quantifiers 

if  there  is  any  equality  now,  it  has  been  our  struggle  that  put  it  there. 
Because  they  said  "all"  and  meant  "some."  All  means  all. 

— Beah  Richards  (in  Beilensen  & Jackson,  Eds.,  1992,  p.  22) 

When  syllogisms  are  found  in  everyday  use,  the  quantifiers  are  often  miss- 
ing. Sometimes  this  absence  is  done  deliberately  in  the  hope  that  you  will 
infer  one  particular  quantifier  (e.g.,  assume  "all"  instead  of  the  more  truth- 
ful "some.")  Here  is  an  example  of  categorical  reasoning  used  in  a presiden- 
tial campaign.  A presidential  candidate  (in  the  U.S.  primaries)  was 
questioned  about  his  extramarital  affairs.  He  responded  this  way:  1 have 
not  been  perfect  in  my  private  life,  but  we  have  had  other  great  presidents 
who  were  also  not  perfect  in  their  private  lives. 

Let's  convert  this  to  a categorical  syllogism: 

Premise  1:  1 am  not  perfect  (in  my  private  life). 

Premise  2:  Some  great  presidents  were  not  perfect  (in  their 

private  lives). 

1 will  be  a great  president. 

(implied) 


Conclusion: 
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In  its  abstract  form  this  becomes 

A = I (the  speaker) 

B = people  who  are  not  perfect 
C = great  presidents 


or 


All  A are  B. 

Some  C are  B. 

All  A are  (will  be)  C. 

The  conclusion  he  wanted  listeners  to  draw  is  that  he  would  also  be  a great 
president.  Check  the  validity  of  this  conclusion  either  with  circle  diagrams 
or  the  seven  rules.  Is  the  implied  conclusion  valid?  Note  also  his  choice  of 
words  to  describe  his  extramarital  affairs  (not  perfect). 

In  everyday  language,  the  quantifiers  may  be  different  from  those  used 
here.  "Every"  and  "each"  may  be  used  as  substitutes  for  "all,"  and  "many" 
and  "few"  may  be  used  as  substitutes  for  "some."  It  is  a simple  matter  to 
change  them  to  the  quantifiers  used  here  and  then  check  the  conclusion 
for  its  validity. 

Here  is  an  example  (with  some  editing)  that  I recognized  in  a recent  con- 
versation. "People  who  go  to  rock  concerts  smoke  dope.  Jaye  went  to  a rock 
concert.  Therefore,  Jaye  smokes  dope."  The  validity  of  this  everyday  syllo- 
gism depends  on  whether  the  speaker  believes  that  "All  people  who  go  to 
rock  concerts  smoke  dope"  or  "Some  people  who  go  to  rock  concerts  smoke 
dope."  In  understanding  statements  like  these,  it  is  important  that  you 
specify  which  missing  quantifier  is  intended.  If  "some"  is  intended,  then 
you  quickly  point  out  that  it  is  not  valid  to  conclude  that  Jaye  was  among 
those  who  smoke  dope.  If  "all"  is  intended,  then  you  can  question  whether 
it  is  the  appropriate  quantifier. 

Changing  Attitudes  with  Syllogisms 

The  basic  organization  of  two  premises  and  a conclusion  is  frequently  used 
to  change  attitudes.  When  used  in  this  fashion,  the  first  premise  is  a belief 
premise,  the  second  premise  is  an  evaluation  of  that  belief  or  a reaction  to 
the  belief  premise,  and  the  conclusion  is  the  attitude  (Shaver,  1981).  The 
basic  structure  is  like  this: 
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Belief  premise 
Evaluation  premise 
Attitude  conclusion 

Consider  how  this  works  in  the  following  example  (Shaver,  1981): 

Preventing  war  saves  lives. 

Saving  lives  is  good. 

< Therefore,  preventing  war  is  good. 

Over  time,  attitude  syllogisms  become  linked  so  that  the  conclu- 
sion from  one  syllogism  is  used  as  the  evaluation  premise  of 
V another: 

► Defense  spending  prevents  war. 

Preventing  war  is  good. 

Therefore,  defense  spending  is  good. 

in  these  syllogisms,  the  middle  term  (remember  what  this  means?)  be- 
comes the  reason  for  the  conclusion,  in  general,  the  greater  the  number  of 
syllogisms  with  the  same  conclusion  that  we  believe  are  true,  the  greater 
the  support  for  the  conclusion,  if  1 wanted  you  to  conclude  that  defense 
spending  is  good.  I'd  also  tell  you  that 

Defense  spending  creates  jobs. 

Creating  jobs  is  good. 

Therefore,  defense  spending  is  good. 

The  quantifiers  are  implicit  in  these  syllogisms,  but  the  underlying  organi- 
zation is  the  same,  it  is  a matter  of  determining  whether  a conclusion  fol- 
lows from  the  premises.  Of  course,  like  all  deductive  reasoning  problems, 
it  may  be  valid,  but  still  not  be  true.  We  consider  how  to  decide  what  is 
probably  true  and  what  is  probably  not  true.  Deductive  reasoning  is  only 
one  type  of  reasoning. 

Common  Errors  in  Syllogistic  Reasoning 

Some  syllogisms  are  more  difficult  to  solve  than  others.  An  analysis  of  the 
erroneous  conclusions  that  people  make  has  revealed  that  the  errors  fall 
into  distinct  types  or  categories.  One  category  of  errors  that  we  will  con- 
sider here  is  illicit  conversions. 
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Illicit  Conversions 

No,  this  term  has  nothing  to  do  with  people  who  make  you  change  reli- 
gions when  you  do  not  want  to.  It  has  to  do  with  changing  the  meaning 
of  a premise.  When  most  people  read  statements  like,  "All  A are  B,"  the 
representation  they  form  in  their  mind  is  one  in  which  it  is  also  true  that 
"All  B are  A"  (Chapman  & Chapman,  1959).  As  you  should  realize  by  now, 
"All  A are  B"  is  not  the  same  as  "All  B are  A."  Transforming  a premise  into 
a nonequivalent  form  is  a type  of  error  known  as  an  illicit  conversion. 
An  example  of  an  illicit  conversion  in  "if,  then"  reasoning  is  the  erroneous 
assumption  that  "If  A,  then  B"  is  the  same  as  "If  B,  then  A"  In  real  world 
terms,  knowing  that  "all  republicans  voted  for  this  bill"  is  not  the  same  as 
saying  that  everyone  who  voted  for  this  bill  was  republican.  These  are  not 
equivalent  statements.  Another  common  illicit  conversion  is  the  belief  that 
"Some  A are  not  B"  also  implies  that  "Some  B are  not  A."  The  second  state- 
ment is  not  equivalent  to  the  first. 

Probabilistic  Reasoning 


In  everyday  reasoning,  we  do  not  view  premises  as  "truths"  that  will  neces- 
sarily require  certain  conclusions;  instead,  we  think  of  premises  as  state- 
ments that  either  support  or  fail  to  support  certain  conclusions.  Probabilistic 
reasoning  occurs  when  we  use  the  information  we  have  to  decide  that  a 
conclusion  is  probably  true  or  probably  not  true.  In  everyday  reasoning,  we 
rely  on  notions  of  probability  to  assess  the  likelihood  of  a conclusion  being 
true.  Although  probability  is  discussed  in  Chapter  6,  it  is  also  a reasoning 
skill  that  we  need  to  consider  in  this  context. 
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Suppose  you  learn  that  people  who  have  untreated  diabetes  are  frequently 
thirsty,  urinate  often,  and  experience  sudden  weight  loss.  You  notice  that 
you  have  these  symptoms.  Does  it  necessarily  follow  that  you  have  diabe- 
tes? No,  of  course  not,  but  these  symptoms  do  make  a diagnosis  of  diabetes 
more  likely,  in  everyday  contexts,  much  of  our  reasoning  is  probabilistic. 

Consider  this  example  presented  by  Polya  (1957,  p.  186): 

if  we  are  approaching  land,  we  see  birds. 

Now  we  see  birds. 

Therefore,  it  becomes  more  credible  that  we  are  approaching 
land. 

in  a shorthand  format,  this  becomes: 

if  A,  then  B. 

B is  true. 

Therefore,  A is  more  probable  than  it  was  before  we  knew  that 
B is  true. 

Much  of  our  everyday  reasoning  is  of  this  sort,  and  while  A is  not  guaran- 
teed with  probabilistic  reasoning,  it  does  become  more  probable  after  we've 
told  the  second  premise.  When  viewed  from  the  perspective  of  "if,  then" 
reasoning,  we  would  be  committing  the  fallacy  of  affirming  the  conse- 
quent. However,  in  real  life,  we  need  to  consider  many  variables  and  goals. 
Although  seeing  birds  does  not  guarantee  that  land  is  near,  1 would  be 
happy  if  i saw  birds  while  1 was  drifting  and  lost  at  sea.  Probabilistic  reason- 
ing is  often  a good  strategy  or  "rule  of  thumb,"  especially  since  few  things 
are  known  with  absolute  certainty  in  our  probabilistic  world.  From  the 
standpoint  of  formal  logic,  it  is  invalid  to  conclude  that  land  is  near.  As 
long  as  you  understand  the  nature  of  probabilities  and  the  distinction  be- 
tween probabilistic  and  valid  (must  be  true  if  the  premises  are  true)  reason- 
ing, considering  probabilities  is  a useful  way  of  understanding  and 
predicting  events.  When  we  reason  in  everyday  contexts,  we  consider  the 
strength  and  likelihood  of  the  evidence  that  supports  a conclusion  and 
often  decide  if  a conclusion  is  probable  or  improbable,  not  just  merely 
valid  or  invalid.  This  point  is  explained  more  fully  in  Chapter  7 on  under- 
standing probabilities. 

As  much  of  our  reasoning  is  dependent  on  the  rules  of  probability,  McGuire 
(1981)  has  coined  the  term  probabilogical  to  describe  the  joint  effects  of 
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these  disciplines  on  the  way  we  think.  Accordingly,  we  place  greater  faith 
in  conclusions  when  we  believe  that  the  premises  are  highly  probable  than 
when  we  believe  that  the  premises  are  unlikely. 


Bounded  Rationality 

Nothing  has  an  uglier  look  to  us  than  reason,  when  it  is  not  on  our  side. 

— George  Saville  (n.d.) 

Does  the  fact  that  people  often  do  not  use  the  laws  of  logic  when  they 
reason  mean  that  we,  mere  mortals,  are  illogical  or  irrational  (not  rea- 
soned)? Many  psychologists  object  to  the  idea  that  most  people  are  illogi- 
cal. As  you  have  seen,  people  reason  differently  depending  on  the  context 
and  seem  to  be  able  to  use  the  rules  of  reasoning  better  when  the  valid 
conclusion  is  one  that  we  believe  to  be  true  than  when  it  is  not.  In  the  real 
world,  the  content  of  our  reasoning  does  matter,  so  perhaps  it  is  not  surpris- 
ing that  we  find  it  difficult  to  reason  from  false  or  questionable  premises. 
It  seems  that  people  are  rational,  but  with  some  limitations.  The  term 
bounded  rationality  is  used  to  describe  this  state  of  affairs  (Gigerenzer 
& Goldstein,  1996;  Simon,  1956).  We  usually  need  to  reach  conclusions 
and  make  decisions  with  incomplete  information  and  under  time  limits, 
and  we  rarely  have  "true  premises."  For  example,  we  know  if  we  are  asking 
permission  or  making  an  obligation  and  the  very  different  implications  of 
"if,  then"  statements  under  these  situations. 

Reasoning  in  Everyday  Contexts 


Reasoning  is  the  only  ability  that  makes  it  possible  for  humans  to  rule 
the  earth  and  ruin  it. 

— Michael  Scriven  (1976,  p.  2) 

Syllogisms,  linear  orderings,  disjunctions,  and  "if,  then"  statements  are 
commonly  found  in  everyday  conversation.  Of  course,  they  are  embedded 
in  discourse  and  not  labeled  by  premise  or  conclusion.  They  are  sometimes 
used  in  ways  that  seem  either  to  be  deliberately  misleading,  or  at  least  to 
capitalize  on  the  common  reasoning  errors  that  most  people  make. 

If  you  pay  careful  attention  to  bumper  stickers,  you'll  probably  be  surprised 
to  find  that  many  are  simple  reasoning  problems.  Consider  the  bumper 
sticker  1 saw  on  a pick-up  truck: 
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Off-road  users 
Are  not  abusers 


The  off-road  users  that  this  bumper  sticker  refers  to  are  dirt  bike  riders  who 
enjoy  racing  through  open  land  (unpaved  areas).  Many  people  are  con- 
cerned that  this  sport  is  destroying  our  natural  resources  by  tearing  up  the 
vegetation.  This  bumper  sticker  is  designed  to  present  the  opposing  view. 
Notice  how  this  is  accomplished.  The  term  "all"  is  implied  in  the  first 
premise,  when  in  fact  "some"  is  true.  You  should  recognize  this  as  a syllo- 
gism with  missing  quantifiers. 

Another  popular  bumper  sticker  that  relies  on  missing  quantifiers  to  make 
the  point  is: 


If  guns  are  outlawed, 

Only  outlaws  will  have  guns. 


This  is  a standard  "if,  then"  statement.  The  implied  conclusion  is  "do  not 
outlaw  guns." 

Suppose  someone  responded  to  this  bumper  sticker  by  suggesting  that  if 
guns  are  outlawed,  approximately  80%  of  the  crimes  of  violence  and  90% 
of  the  petty  crimes  that  are  committed  with  a gun  would  probably  be  com- 
mitted with  a less  dangerous  weapon.  How  does  an  argument  like  this  re- 
fute the  "if,  then"  statement  and  its  implied  conclusion  on  the  bumper 
sticker? 

Reasoning  with  Diagrams 

Although  it  seems  like  a lot  of  work  to  get  used  to  thinking  with  diagrams, 
they  are  useful  in  many  situations  where  you  have  to  check  relationships 
and  conceptualize.  The  following  discussion  is  loosely  based  on  a discus- 
sion by  Rubinstein  and  Pfeiffer  (1980)  that  1 have  applied  to  the  events 
surrounding  the  Los  Angeles  riots  that  occurred  in  1992. 
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In  1992,  following  an  unpopular  verdict  in  which  Los  Angeles  police  offi- 
cers were  acquitted  of  the  crime  of  beating  a suspect,  an  event  that  was 
captured  on  video,  a massive,  bloody  riot  occurred.  In  the  painful  trials 
that  followed,  the  prosecution  attempted  to  show  that  a particular  defen- 
dant was  at  the  scene  of  the  riot.  One  piece  of  evidence  was  a footprint  that 
was  at  the  site.  The  strategy  for  the  defense  was  to  show  that  many  people 
could  have  left  that  particular  foot  print,  while  the  prosecution  tried  to 
show  that  few  people  other  than  the  defendant  could  have  left  the  foot 
print.  Look  at  these  two  diagrams. 


What  the  Defense  Wants  What  the  Prosecution  Wants 


Everyone 


People  who 
could  leave 
the  footprint 


Defendant 


Everyone 


People  who 
could  leave 
the  footprint 


An  expert  from  the  Nike  shoe  company  was  called  to  testify  that  the  print 
was  left  by  a Nike  sneaker.  The  prosecution  then  showed  that  the  defen- 
dant owned  a pair  of  Nikes  in  the  same  size  as  the  footprint.  This  shrinks 
the  size  of  the  circle,  so  that  few  people  besides  the  defendant  would  fit 
those  particular  shoes. 


Everyone 

Everyone  with  size  10  Nikes 
Defendant 


By  contrast,  the  defense  tried  to  widen  the  circle  by  showing  that  many 
people  in  that  neighborhood  wear  Nike  sneakers  and  that  it  was  a popular 
shoe  size.  Each  side,  in  turn,  tried  to  widen  and  then  narrow  the  circle  in 
an  attempt  to  persuade  the  jury  that  the  defendant  and  few  others  could 
have  left  that  footprint  or  many  people  could  have  left  that  footprint. 

Similar  strategies  are  used  implicitly  in  many  trials.  Here  is  a quote  from  an 
article  that  appeared  in  the  Los  Angeles  Times  (Timnick,  October  18,  1989). 
It  is  a description  of  a trial  for  an  accused  child  molester:  "Telling  an  atten- 
tive jury  in  Los  Angeles  Superior  Court  that  the  totality  of  evidence  'draws 
the  ring  around  R.  B.  and  R B.  closer  and  tighter,  to  the  extent  that  you 
should  find  them  guilty.'"  Here  the  idea  of  drawing  smaller  and  smaller 
circles  was  used  explicitly  in  the  prosecution's  arguments.  Once  you  get 
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used  to  using  diagrams  as  a thinking  aid,  you  will  find  that  you  will  use 
them  often. 

Reasoning  Gone  Wrong 

1 hope  that  you  are  developing  an  appreciation  for  the  critical  importance 
of  good  thinking.  If  you  are  not  yet  convinced,  then  1 expect  that  this  sec- 
tion will  be  a "chilly  awakening."  In  later  chapters,  1 will  continue  to  de- 
velop the  theme  that  there  are  many  people  who  want  to  persuade  you  to 
believe  that  something  is  true — for  a variety  of  reasons. 

Motivated  Reasoning 

Reason  is  supposed  to  be  the  highest  achievement  of  the  human  mind, 
and  the  route  to  knowledge  and  wise  decisions.  But  as  psychologists 
have  been  documenting  since  the  1960s,  humans  are  really,  really  bad 
at  reasoning.  It's  not  just  that  we  follow  our  emotions  so  often,  in  con- 
texts from  voting  to  ethics.  No,  even  when  we  intend  to  deploy  the  full 
force  of  our  rational  faculties,  we  are  often  as  ineffectual  as  eunuchs  at 
an  orgy. 

— Sharon  Begley  (2010,  para.  2) 

A popular  science  writer  explained  that  the  reason  why  so  many  people 
have  trouble  reasoning  logically  is  that  their  real  task  is  not  to  decide  if  a 
conclusion  is  valid  (Begley,  2012).  Instead,  they  are  really  trying  to  prove 
that  the  conclusion  they  believe  to  be  true  is  valid.  In  other  words,  "People 
mistakenly  assume  that  their  thinking  is  done  by  their  head;  it  is  actually 
done  by  the  heart  which  first  dictates  the  conclusion,  then  commands  the 
head  to  provide  the  reasoning  that  will  defend  it"  (de  Mellow,  n.d.)  As 
Begley  (2010,  para.  2)  described  the  situation:  "Women  are  bad  drivers, 
Saddam  plotted  9/11,  Obama  was  not  born  in  America,  and  Iraq  had  weap- 
ons of  mass  destruction:  to  believe  any  of  these  requires  suspending  some 
of  our  critical  thinking  faculties  and  succumbing  instead  to  the  kind  of  ir- 
rationality that  drives  the  logically  minded  crazy."  In  order  to  reason  de- 
ductively, you  must  put  aside  prior  beliefs  and  determine  what  would 
logically  follow  if  the  premises  were  true. 

Often  the  purpose  of  a seemingly  reasoned  communication  will  be  to  sell 
you  something — a product,  a philosophy,  a political  candidate  or  point  of 
view,  or  even  a new  view  of  history.  Groups  that  are  attempting  to  rewrite 
history  are  called  revisionists.  Your  only  defense  against  the  onslaught  of 
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"sales"  pitches  is  critical  thinking.  1 heard  a revisionist  speaker  (someone 
who  believes  that  we  need  to  revise  what  we  know  about  history)  who  was 
attempting  to  convince  a group  of  young  adults  that  slavery  in  the  United 
States  was  "not  really  so  bad."  The  presentation  had  all  the  outward  ap- 
pearances of  a standard  reasoning  problem.  First,  listeners  were  asked  if 
they  agreed  that  people  do  not  harm  valuable  property.  Most  nodded  in 
agreement.  Then  they  were  told  that  slaves  were  valuable  property;  there- 
fore, most  slave  owners  took  good  care  of  their  slaves.  The  speaker  went  on 
to  say  that  "most  slaves  enjoyed  being  taken  care  of,"  so  slavery  was  not  as 
bad  as  we  had  been  led  to  believe.  The  scary  part  of  this  scene  was  that 
there  were  many  listeners  who  seemed  to  be  considering  this  ludicrous  idea 
or  could  not  figure  out  what  was  wrong  with  it.  Can  you? 

1 hope  that  you  are  outraged  at  this  attempt  to  rewrite  a disgraceful  part  of 
U.S.  history  and  to  use  what  seems  like  reasoning  to  do  it.  It  is  true  that 
most  people  do  not  harm  valuable  property,  but  there  are  massive  amounts 
of  historical  evidence  that  slaves  were  often  subject  to  the  most  brutal  and 
dehumanizing  conditions.  The  speaker  left  out  far  too  many  relevant  facts 
to  make  his  conclusion  logical.  There  was  a seductiveness  to  the  speaker's 
"logic,"  but  it  was  patently  wrong.  There  is  no  substitute  for  critical 
thinking. 

Chapter  Summary 


• Deductive  reasoning  is  the  use  of  premises  or  statements  that  we 
accept  as  true  to  derive  valid  conclusions. 

• People  do  not  approach  reasoning  problems  according  to  the  laws 
of  formal  logic.  Instead  of  determining  whether  a conclusion  logi- 
cally follows  from  the  premises  as  they  are  stated,  there  is  a ten- 
dency to  alter  the  premises  according  to  one's  own  beliefs  and  then 
decide  whether  a conclusion  follows  from  the  altered  statements. 

• In  linear  orderings,  we  use  premises  to  establish  conclusions  about 
ordered  relationships.  A good  strategy  for  solving  linear  orderings 
is  to  use  a spatial  representation  with  the  items  arranged  in  an  or- 
dered manner. 

• It  is  common  to  confuse  truth  with  validity.  Validity  refers  to  the 
form  of  an  argument  and  is  unrelated  to  content.  If  a conclusion 
necessarily  follows  from  the  premises,  then  it  is  valid.  The  topics  of 
truth  and  believability  of  premises  are  addressed  in  the  next  chapter. 
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• Personal  beliefs  often  bias  our  ability  to  determine  validity,  such 
that  conclusions  we  believe  to  be  true  are  more  likely  to  be  judged 
valid  than  conclusion  we  do  not  believe  to  be  true. 

• in  “if,  then"  statements  a conditional  relationship  is  established. 
The  premises  that  are  given  in  this  format  are  used  to  determine 
valid  conclusions. 

• "if"  is  frequently  interpreted  as  "if  and  only  if"  in  "if,  then"  state- 
ments. Although  this  conversion  is  an  error  according  to  the  rules 
of  formal  logic,  sometimes  it  is  justified  by  the  context  in  which  it 
is  embedded. 

• Confirmation  bias  is  the  predilection  or  tendency  to  seek  and  uti- 
lize information  that  supports  or  confirms  the  hypothesis  or  prem- 
ise that  is  being  considered.  The  "four-card  selection  task"  is  a 
demonstration  of  this  robust  bias. 

• "if,  then"  reasoning  is  used  to  help  children  with  Attention  Deficit 
Hyperactivity  Disorder  regulate  their  behavior. 

• Quantitative  syllogisms  indicate  which  terms  belong  in  the  catego- 
ries that  are  specified.  Statements  in  syllogisms  can  take  one  of  four 
different  moods:  universal  affirmative,  particular  affirmative,  uni- 
versal negative,  and  particular  negative. 

• When  syllogisms  involve  meaningful  terms  and  categories,  people 
often  use  their  knowledge  of  the  categories  and  their  beliefs  about 
the  topics  to  determine  which  conclusions  are  valid  instead  of  rea- 
soning from  the  form  of  the  syllogism. 

• Circle  diagrams  are  useful  aids  for  understanding  relationships  and 
checking  inferences  in  syllogisms.  The  extent  to  which  circles  over- 
lap depicts  category  inclusion  and  exclusion.  An  alternative  to  cir- 
cle diagrams  that  many  people  prefer  is  to  check  conclusions  for 
validity  using  the  verbal  rules  of  syllogisms. 

• The  greatest  difficulty  in  using  circle  diagrams  is  being  certain  that 
all  combinations  of  the  two  premises  have  been  represented. 

• Illicit  conversions  are  common  errors  in  syllogisms.  The  most  fre- 
quent illicit  conversion  is  to  interpret  "All  A are  B"  as  also  meaning 
that  "All  B are  A." 

• Diagrams  are  useful  reasoning  tools  in  many  situations.  The  logic 
of  circle  diagrams  is  frequently  used  in  legal  settings  and  other  set- 
tings in  which  evidence  is  considered. 
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The  following  skills  to  determine  whether  a conclusion  is  valid  were  pre- 
sented in  this  chapter.  Review  each  skill  and  be  sure  that  you  understand 
how  and  when  to  use  each  one. 

• discriminating  between  deductive  and  inductive  reasoning 

• identifying  premises  and  conclusions 

• using  quantifiers  in  reasoning 

• solving  categorical  syllogisms  with  circle  diagrams 

• solving  categorical  syllogisms  with  verbal  rules 

• understanding  the  difference  between  truth  and  validity 

• recognizing  when  syllogisms  are  being  used  to  change  attitudes 

• using  linear  diagrams  to  solve  linear  syllogisms 

• watching  for  marked  adjectives 

• using  the  principles  of  linear  orderings  as  an  aid  to  clear 
communication 

• reasoning  with  "if,  then"  statements 

• using  tree  diagrams  with  "if,  then"  statements 

• avoiding  the  fallacies  of  confirming  the  consequent  and  denying 
the  antecedent 

• examining  reasoning  in  everyday  contexts  for  missing  quantifiers 

Terms  to  Know 


Check  your  understanding  of  the  concepts  presented  in  this  chapter  by 
reviewing  their  definitions,  if  you  find  that  you're  having  difficulty  with 
any  term,  be  sure  to  reread  the  section  in  which  it  is  discussed. 

Reasoning.  Has  two  forms:  deductive  and  inductive.  When  reasoning  deduc- 
tively, we  use  our  knowledge  of  two  or  more  premises  to  infer  if  a conclusion 
is  valid.  When  reasoning  inductively,  we  collect  observations  and  formulate 
hypotheses  based  on  these  observations.  With  deductive  reasoning  with  valid 
syllogisms,  the  conclusion  MUST  be  true  if  the  premises  are  true.  By  contrast, 
with  inductive  reasoning,  the  conclusion  is  PROBABLY  true  if  the  premises  are 
true. 

Conclusion.  An  inferential  belief  that  is  derived  from  other  statements. 

Logic.  A branch  of  philosophy  that  explicitly  states  the  rules  for  deriving  valid 
conclusions. 
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Valid.  A conclusion  is  valid  if  it  must  be  true  if  the  premises  are  true.  It  "follows 
from"  the  premises. 

Premises.  Statements  that  allow  the  inference  of  logical  conclusions. 

Illogical.  Conclusions  in  deductive  reasoning  tasks  that  are  not  in  accord  with 
the  rules  of  logic. 

Failure  to  Accept  the  Logical  Task.  In  everyday  reasoning,  we  alter  the  state- 
ments we  are  given  according  to  our  personal  beliefs  and  then  decide  if  a con- 
clusion follows  from  the  altered  statements.  We  reject  the  logical  task  of 
deciding  if  a conclusion  follows  from  the  statements  as  they  are  given. 

Personal  Logic.  The  informal  rules  that  people  use  to  determine  validity. 

Pragmatic.  Anything  that  is  practical.  In  this  context,  the  consideration  of  con- 
text and  purpose  when  engaging  in  real  world  reasoning  tasks. 

Inductive  Reasoning.  Observations  are  collected  that  suggest  or  lead  to  the  for- 
mulation of  a conclusion  or  hypothesis. 

Deductive  Reasoning.  Use  of  stated  premises  to  formulate  conclusions  that  can 
logically  be  inferred  from  them. 

Linear  Ordering.  (Also  known  as  linear  syllogism)  Reasoning  that  involves  the 
inference  of  orderly  relationships  along  a single  dimension  (e.g.,  size,  position) 
between  terms. 

Linear  Syllogism.  See  linear  ordering. 

Marked  Adjectives.  Adjectives  that  connote  bias  when  they  appear  in  a question 
(e.g.,  poor,  dumb,  or  small).  When  asked  "How  poor  is  he,"  it  is  presumed  that 
the  response  will  be  toward  the  poor  extreme  and  not  towards  the  rich  extreme. 

Unmarked  Adjectives.  Adjectives  that  are  neutral  in  that  they  don't  connote  a 
particular  direction  when  they  appear  in  a question  (e.g.,  big,  smart,  tall). 
When  asked  "How  big  is  he?",  the  response  could  be  a larger  or  a small  number. 
Compare  with  marked  adjective. 

Belief  Bias.  Also  known  as  Confirmation  bias.  The  interference  of  one's  per- 
sonal beliefs  with  the  ability  to  reason  logically. 

"If,  Then"  Statements.  Statements  of  a contingency  relationship  such  that  if 
the  antecedent  is  true,  then  the  consequent  must  be  true. 

Contingency  Relationships.  Relationships  that  are  expressed  with  "if,  then" 
statements.  The  consequent  is  contingent  or  dependent  on  the  antecedent. 

Conditional  Logic.  Also  known  as  propositional  logic.  Logical  statements  that 
are  expressed  in  an  "if,  then"  format. 

Antecedent.  In  "if,  then"  statements,  it  is  the  information  given  in  the  "if"  clause 
appealing  to  your  reason. 

Consequent.  In  "if,  then"  statements,  it  is  the  information  given  in  the  "then" 
clause. 

Tree  Diagrams.  Diagrams  in  which  the  critical  information  is  represented  along 
the  branches  of  a "tree." 

Affirming  the  Antecedent.  In  "if,  then"  reasoning,  the  second  premise  asserts 
that  the  "if"  part  is  true. 

Denying  the  Consequent.  In  "if,  then"  reasoning,  the  second  premise  asserts 
that  the  "then"  part  is  false. 

Affirming  the  Consequent.  In  "if,  then"  reasoning,  the  second  premise  asserts 
that  the  "then"  part  is  true. 
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Denying  the  Antecedent.  In  "if,  then"  reasoning,  the  second  premise  asserts 
that  the  "if"  part  is  false. 

Illicit  Conversion.  Illicit  conversions  in  "if,  then"  statements  occur  when  people 
believe  that  "If  A,  then  B"  also  means  "If  B,  then  A." 

Donble  Negation.  The  denial  of  a negative  statement. 

Four-Card  Selection  Task.  A task  that  is  often  used  to  demonstrate  confirma- 
tion biases.  Subjects  are  required  to  indicate  which  of  four  cards  they  need  to 
turn  over  in  order  to  verify  a rule  about  the  contents  of  each  side  of  the  card. 
Overwhelmingly,  subjects  only  select  cards  that  will  confirm  the  hypothesis 
that  they  are  considering  instead  of  seeking  information  that  would  disconfirm 
their  hypothesis. 

Permission  Schema.  Informal  rules  that  people  use  when  reasoning  with  "if, 
then"  statements  that  pragmatically  give  permission. 

Obligation  Schema.  Informal  rules  that  people  use  when  reasoning  with  "if, 
then"  statements  that  pragmatically  create  an  obligation. 

Chained  Conditional.  Two  "if,  then"  statements  linked  so  that  the  consequent 
of  one  statement  is  also  the  antecedent  of  the  other  statement. 

Combinatorial  Reasoning.  The  use  of  systematic  and  orderly  steps  when  mak- 
ing combinations  so  that  all  possible  combinations  are  formed. 

Syllogistic  Reasoning.  A form  of  reasoning  that  involves  deciding  whether  a 
conclusion  can  be  properly  inferred  from  two  or  more  statements  that  contain 
quantifiers. 

Quantifiers.  Terms  like  "all,"  "some,"  "none,"  and  "no"  that  are  used  in  syllo- 
gisms to  indicate  category  membership. 

Categorical  Reasoning.  A type  of  syllogistic  reasoning  in  which  the  quantifiers 
"some,"  "all,"  "no,"  and  "none"  are  used  to  indicate  category  membership. 

Syllogism.  Two  or  more  premises  that  are  used  to  derive  a valid  conclusion  or 
conclusions. 

Mood.  Used  to  classify  the  premises  and  conclusions  of  a categorical  syllogism. 
There  are  four  moods  that  are  dependent  on  the  quantifiers  used  in  the  state- 
ments. The  four  moods  are:  universal  affirmative  (all  A are  B);  particular  affir- 
mative (some  A are  B);  universal  negative  (no  A are  B);  and  particular  negative 
(some  A are  not  B). 

Universal  Affirmative.  The  mood  of  statements  in  a categorical  syllogism  with 
the  format  "All  A are  B." 

Particular  Affirmative.  The  mood  of  statements  in  a categorical  syllogism  with 
the  format  "Some  A are  B." 

Universal  Negative.  The  mood  of  statements  in  a categorical  syllogism  with  the 
format  "No  A are  B." 

Particular  Negative.  The  mood  of  statements  in  a categorical  syllogism  with  the 
format  "Some  A are  not  B." 

Circle  Diagrams.  A spatial  strategy  for  determining  the  validity  of  a conclusion 
in  a categorical  syllogism.  Circles  are  used  to  represent  category  membership. 

Middle  Term.  In  a categorical  syllogism,  it  is  the  term  that  is  omitted  from  the 
conclusion  and  is  mentioned  in  both  premises. 

Distributed.  In  a categorical  syllogism,  a term  is  distributed  when  it  is  modified 
by  "all,"  "no,"  or  "not." 
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Ecological  Validity.  Concerns  the  real  world  validity  or  applications  of  a 
concept  outside  of  the  laboratory. 

Illicit  Conversions.  Transformations  of  the  premises  in  a syllogism  into  non- 
equivalent forms  (e.g.,  converting  "All  A are  B"  into  "All  B are  A"). 

Probabilogical.  Term  coined  to  label  the  joint  influences  of  probability  and  logic 
on  the  way  we  think. 

Bonnded  Rationality.  People  are  rational,  within  limits.  People  do  not  behave 
like  logic  machines,  but  use  thinking  shortcuts  to  save  time. 
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Eat  all  Day  and  Still  Lose  Weight 

Trade  your  old  body  for  a new  one  now  through  an  amazing  scientific  breakthrough. 
Doctors  and  medical  technicians  have  made  it  possible  for  people  like  you  and  me 
to  lose  weight  quickly  and  permanently.  Tested  at  university  labs,  retested  at  clinics 
and  major  hospitals  and  acclaimed  by  doctors  all  over  the  world,  finally  there  is 
something  that  helps  you  lose  weight.  If  years  of  stubborn  fat  build  up  have  been 
your  problem,  NOW  AT  LAST  THERE  IS  A WAY  TO  ELIMINATE  FAT,  A WAY  TO 
LOSE  WEIGHT  FAST  AND  EASILY.  We  call  it  XXXXXXX  because  it  totally  attacks 

excess  fat  and  fluids  that  have  plagued  most  people  for  years Everyday  you  will 

feel  stronger  and  full  of  pep  and  energy  as  the  excess  weight  you  have  carried  for 
so  long  is  carved  off  your  body. . . . DON’T  LET  THIS  GOLDEN  OPPORTUNITY 
AND  CHANCE  OF  A LIFETIME  PASS  YOU  BY.  Just  fill  out  the  coupon  below  and 
let  it  be  the  ticket  to  a slimmer  you.  So,  what  are  you  waiting  for? 


I hope  that  you  were  not  looking  for  a coupon  for  this  marvelous  weight 
loss  product.  The  paragraph  above  was  taken  (virtually)  verbatim  from  a 
full-page  advertisement  in  a popular  fashion  magazine.  The  only  change 
that  I made  was  to  omit  the  name  of  this  "miracle"  diet.  The  name  has  a 
chemical  sound  to  it.  It's  multisyllabic  and  ends  with  a number.  The  name 
sounds  like  a chemical  formula.  I had  trouble  selecting  which  advertise- 
ment I wanted  to  use  here  because  there  were  so  many  that  made  numer- 
ous unsupported  claims.  Advertisements  like  this  one  can  be  found  in  most 
magazines  and  newspapers.  I'll  refer  back  to  this  advertisement  later  in  this 
chapter  when  I talk  about  analyzing  arguments  and  recognizing  fallacies. 
Hold  onto  your  money  until  you've  read  this  chapter. 


The  Anatomy  of  an  Argument 


Neither  a closed  mind  nor  an  empty  one  is  likely  to  produce  much  that 
would  qualify  as  effective  reasoning. 


Ray  Nickerson  (1986,  p.  1) 
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The  technical  meaning  of  the  word  "argument"  is  different  from  its  ev- 
eryday meaning.  We  say  two  people  "are  having  an  argument"  when  they 
disagree  about  something  in  a heated  or  emotional  way.  More  technically, 
an  argument  consists  of  one  or  more  statements  that  are  used  to  provide 
support  for  a conclusion.  The  statements  that  provide  the  support  for  a 
conclusion  are  called  the  reasons  or  premises  of  the  argument.  The  rea- 
sons or  premises  are  presented  in  order  to  persuade  the  reader  or  listener 
that  the  conclusion  is  true  or  probably  true.  Let's  consider  an  example. 
Suppose  that  1 want  to  convince  you  to  stay  in  college  until  graduation. 
Here  are  some  reasons  (premises)  that  1 could  give.  You  can  think  of  this 
as  an  addition  problem  with  each  premise  summing  to  the  conclusion. 


Premise  #1: 

+ Premise  #2: 

+ Premise  #3: 
+ Premise  #4: 

Conclusion: 


College  graduates  earn  more  money  than  college  drop- 
outs or  people  who  have  never  attended  college. 
College  graduates  report  that  they  are  more  satisfied 
with  their  lives  than  people  who  have  not  graduated 
from  college. 

College  graduates  are  healthier  and  live  longer  than 
people  who  have  not  graduated  from  college. 

College  graduates  have  jobs  that  are  more  interesting 
and  more  responsible  than  people  who  have  not  grad- 

uated  from  college 

You  should  graduate  from  college. 


Arguments  are  sometimes  called  "the  giving  of  reasons."  Harman  (1986) 
calls  this  process  "a  change  in  view"  because  the  objective  is  to  change  an 
"old  view"  or  belief  into  a "new  view"  or  belief  with  reasoning. 
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Old  View  New  View 

► 

or  Belief  or  Belief 


Every  argument  will  have  one  or  more  premises  (or  reasons)  and  one  or 
more  conclusions.  Usually,  there  will  be  several  premises  for  one  conclu- 
sion, but  other  combinations  (one  premise  for  several  conclusions  and 
several  premises  for  several  conclusions)  are  possible.  If  you  cannot 
identify  at  least  one  premise  and  at  least  one  conclusion,  then  it 
is  not  an  argument.  Of  course,  in  everyday,  natural-language  argu- 
ments, the  premises  and  conclusions  are  not  labeled.  They  are  usually 
embedded  in  extended  prose.  The  extended  prose  could  be  a paragraph,  a 
section  or  chapter  of  a book,  or  even  an  entire  book  or  semester-long  class. 
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Here  are  some  examples  of  prose  that  are  not  arguments: 

• I like  my  critical  thinking  course  better  than  my  chemistry  course. 
(No  reasons  are  given  for  this  preference.) 

• We  drove  up  to  the  mountains,  went  skiing,  and  then  drove  home. 
(This  is  just  a descriptive  list  of  activities  linked  together.  There  are 
no  reasons  or  conclusions.) 

• Buy  your  burgers  at  Burgerland.  (No  reasons  given,  but  reasons  are 
often  inferred  from  context  in  statements  like  this  one.) 

• We  saw  the  Martians  land.  (This  is  a simple  description.) 

• Never  trust  anyone  over  30.  (This  is  an  opinion  without  reasons.) 

• is  dinner  ready?  (Simple  question.) 

it  may  seem  that  it  should  be  fairly  simple  to  determine  whether  a state- 
ment or  set  of  statements  contain  an  argument,  but  in  everyday  language 
most  arguments  are  incomplete.  Sometimes  the  premises  aren't  stated,  but 
are  inferred,  and  other  times  the  conclusion  is  unstated.  Sometimes  argu- 
ments are  deliberately  disguised  so  that  it  may  appear  that  the  speakers  are 
not  supporting  some  conclusion,  when  they  really  are. 

Premises 

The  premises  are  the  reasons  that  support  a conclusion.  They  are  the  "why" 
part  of  an  argument,  in  everyday  language,  they  can  appear  anywhere 
among  a set  of  statements.  Sometimes,  the  conclusion  will  be  stated  first 
followed  by  its  premises.  (Here  is  what  1 believe  and  the  reasons  for  this 
belief  are  . . . .)  Other  times  the  conclusion  may  be  presented  last  or  embed- 
ded in  the  middle  of  a paragraph  or  other  text  with  premises  both  before 
and  after  it.  Premises  are  not  always  easy  to  recognize.  There  are  certain  key 
words,  called  premise  indicators  or  premise  markers  that  often  signal 
that  what  comes  after  them  is  a premise.  Although  premise  indicators  are 
not  always  followed  by  a premise,  they  often  are,  and  for  this  reason,  it  is 
a good  idea  to  check  for  these  key  words  when  identifying  premises.  These 
terms  often  indicate  that  what  follows  is  a reason. 

Premise  Indicators 

because 

for 

since  (when  it  means  because  and  not  the  passage  of  time) 
if 
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given  that  (or  being  that) 
as  shown  by 
as  indicated  by 
the  reasons  are 

it  may  be  inferred  (or  deduced)  from 
the  evidence  consists  of 

in  the  first  place  (suggests  that  a list  of  premises  will  follow) 

secondly 

seeing  that 

assuming  that 

it  follows  from 

whereas 

Here  are  some  simple  examples  of  the  use  of  premise  indicators: 

• You  should  graduate  from  college  because  you  will  earn  more 
money  with  a college  degree. 

• The  need  for  the  United  States  to  send  troops  to  Central  America  is 
indicated  by  the  buildup  of  armed  rebels  in  countries  neighbor- 
ing those  with  civil  wars. 

• Seeing  that  the  current  policy  of  supplying  organ  transplants  is 
benefiting  the  rich,  a new  program  is  needed. 

Premises  can  be  “matters  of  fact"  or  "matters  of  opinion"  or  both.  Con- 
sider, for  example,  the  following  sentences: 

• All  teenagers  should  be  taught  safe  sex  practices  because  of  the  risk 
of  AIDS  and  other  sexually  transmitted  diseases.  (The  reason  is  a 
matter  of  fact.) 

• All  teenagers  should  be  taught  how  to  knit  because  this  will  provide 
them  with  an  enjoyable  hobby.  (The  reason  is  a matter  of  opinion.) 


Conclusions 

The  conclusion  is  the  purpose  or  the  "what"  of  the  argument.  It  is  the  be- 
lief or  point  of  view  that  is  supported  or  defended  with  the  premises.  Both 
the  premises  and  the  conclusion  are  important,  and  both  are  essential 
components  of  any  argument. 

It  is  usually  easier  to  identify  the  conclusion  of  an  argument  than  the  other 
components.  For  this  reason,  it  is  a good  idea  to  start  with  the  conclusion 
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when  you  are  analyzing  arguments.  There  are  conclusion  indicators  or 
conclusion  markers  that  indicate  that  what  follows  is  probably  a con- 
clusion. As  with  premise  indicators,  they  do  not  guarantee  that  a conclu- 
sion follows  them. 

Conclusion  Indicators 

therefore 

hence 

so 

thus 

consequently 

then 

shows  that  (we  can  see  that) 

accordingly 

it  follows  that 

we  may  infer  (conclude)  (deduce)  that 
in  summary 
as  a result 

for  all  these  reasons 
it  is  clear  that 

Here  are  some  simple  examples  of  the  use  of  conclusion  indicators: 

• Based  on  all  of  the  reasons  just  stated,  we  can  conclude  that  the 
flow  of  illegal  drugs  must  be  stopped. 

• In  summary,  postal  rates  must  be  increased  because  we  can  no 
longer  afford  to  run  the  postal  system  with  a deficit. 

• We  have  had  very  little  rain  this  season.  Consequently,  water  will 
have  to  be  rationed. 

Has  my  use  of  the  word  "simple"  to  describe  these  examples  made  you  feel 
uneasy?  Have  you  begun  to  expect  that  things  will  soon  get  more  complex? 
if  so,  you  are  right.  Natural  language  is  complex  and  so  are  natural- 
language  arguments.  (A  natural  language  is  a language  that  has  evolved 
over  time  for  the  purpose  of  communication  between  people.  Artificial 
languages  are  those  languages  that  were  created  for  special  purposes,  such 
as  computer  languages.)  Although  all  arguments  must  contain  at  least  one 
argument  and  one  conclusion,  most  arguments  consist  of  additional  com- 
ponents. Three  additional  components  will  be  presented  here.  They  are 
assumptions,  qualifiers,  and  counterarguments. 
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Assumptions 

With  enough  assumptions,  any  policy  can  be  justified. 

— ^Tim  Brennan  (January  12,  2001,  from  A Guide  to 
Understanding  how  Washington  Really  Works) 


An  assumption  is  a statement  for  which  no  proof  or  evidence  is  offered. 
Although  assumptions  can  be  either  stated  or  unstated  (implied),  they  are 
most  often  unstated.  Assumptions  are  important  components  in  argu- 
ments, and  they  are  the  most  often  forgotten  part  because  they  are  often 
omitted.  The  reader  or  listener  will  usually  have  to  supply  the  missing 
assumptions. 

The  arguments  that  are  used  to  build  the  main  argument  are  called  subar- 
guments. The  main  argument  in  an  extended  passage  and  is  called  the 
main  point.  The  kinds  of  arguments  that  are  often  found  in  books,  book 
chapters,  and  sometimes  sections  of  chapters  proceed  in  stages  with  subar- 
guments linked  to  provide  support  for  a main  point. 

Here  is  an  example  of  an  unstated  assumption,  taken  from  a catalogue  that 
sells  copper  bracelets.  I have  altered  it  only  slightly  for  this  context. 


For  hundreds  of  years  people  have  worn  copper  bracelets  to  relieve  pain 
from  arthritis.  This  folklore  belief  has  persisted  and  copper  bracelets 
continue  to  be  popular.  These  bracelets  promote  close  contact  between 
the  copper  and  your  wrist. 


The  writers  of  this  advertisement  expect  that  readers  will  assume  that 
copper  can  help  alleviate  the  pain  of  arthritis  and  that  the  “medical"  ef- 
fect is  enhanced  by  the  close  contact  with  the  wrist.  Notice  that  this  is 
never  stated — it  can't  be  because  there  is  no  evidence  that  shows  that 
copper  has  any  effect  on  arthritis.  However,  this  advertisement  for  copper 
bracelets  is  clearly  written  to  suggest  that  it  works.  (Many  people  believe 
that  it  does.)  Furthermore,  there  is  a suggested  assumption  that  the  popu- 
larity of  copper  bracelets  is  due  to  its  medical  effects.  Maybe  they  have 
just  become  fashionable,  or  cheaper,  or  better  advertised,  or  perhaps  there 
are  just  more  people  with  arthritis  who  are  willing  to  believe  anything 
that  promises  to  relieve  their  pain.  We'll  discuss  the  need  to  consider 
missing  information  and  alternative  conclusions  in  a later  section  of  this 
chapter. 
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Qualifiers 

A qualifier  is  a constraint  or  restriction  on  the  conclusion.  It  states  the 
conditions  under  which  the  conclusion  is  supported.  An  example  might  be 
helpful: 

It  is  important  that  we  have  some  indicators  of  what  and  how  much 
students  are  learning  in  college.  For  this  reason,  a national  college-level 
testing  program  is  needed.  However,  if  the  national  assessment  is  not 
related  to  the  subjects  taught  in  the  college  curriculum,  then  it  will  not 
be  a valid  measure  of  college-level  learning. 

Let's  dissect  this  paragraph  into  its  component  parts: 

The  conclusion  is:  A national  college-level  testing  program  is  needed. 

A premise  is:  It  is  important  that  we  have  some  indicators  of  what  and 
how  much  students  are  learning  in  college.  (This  is  the  reason  that  sup- 
ports the  conclusion.  It  tells  us  why  we  should  believe  that  the  conclu- 
sion is  true.) 

An  unstated  assumption  is:  A national  college-level  testing  program  is  a 
good  way  to  indicate  what  students  are  learning. 

A qualifier  (or  limiting  condition)  is:  The  conclusion  is  valid  only  when 
the  assessment  is  related  to  what  is  the  curriculum. 

As  you  can  see  from  this  example,  a qualifier  states  the  conditions  under 
which  the  conclusion  is  valid.  It  sets  limits  or  constraints  on  the  conclusion. 

Counterarguments 

Critical  thinking  requires  a sense  of  the  complexity  of  human  issues. 

— Alan  Sears  and  Jim  Parsons  (1991,  p.  64) 

Sometimes,  an  extended  argument  will  state  reasons  that  support  a particu- 
lar conclusion  and  reasons  that  refute  the  same  conclusion.  The  set  of 
statements  that  refute  a particular  conclusion  is  called  a counterargu- 
ment. Let's  extend  the  previous  argument  so  that  it  now  also  contains  a 
counterargument. 

It  is  important  that  we  have  some  indicators  of  what  and  how  much 
students  are  learning  in  college.  For  this  reason,  a national  college-level 
testing  program  is  needed.  However,  if  the  national  assessment  is  not 
related  to  the  subjects  taught  in  the  college  curriculum,  then  it  will 


Analyzing  Arguments  239 


not  be  a valid  measure  of  college-level  learning.  Of  course,  the  results 
of  a national  assessment  of  college  students  could  be  misused  in  a way 
that  would  keep  good  students  from  entering  graduate  or  professional 
school. 

1 hope  that  you  are  paying  careful  attention  to  the  way  the  additions  are 
altering  the  argument.  As  presented  above,  the  conclusion,  premise,  as- 
sumption, and  qualifier  remain  the  same.  The  counterargument  presents  a 
reason  for  not  having  a national  college-level  test.  The  reason  presented 
(results  could  be  misused)  is  counter  to  the  conclusion  that  we  should  have 
a national  test — that  is  why  these  statements  are  called  counterarguments. 
Even  with  the  addition  of  the  counterargument,  the  conclusion  remains 
unchanged.  The  argument  was  written  in  a way  that  suggests  that  the 
counterargument  is  weaker  than  the  main  argument.  The  point  being 
made  is  that  despite  the  counterargument,  we  should  still  have  a national 
test  of  college  students — the  conclusion  is  the  same. 

Does  this  particular  example  make  you  uneasy?  Can  you  think  of  other 
premises  that  might  support  a different  conclusion?  If  so,  you  have  al- 
ready begun  to  anticipate  the  content  of  the  section  on  how  to  evaluate 
arguments. 


Diagramming  the  Structure  of  an  Argument 


Argument  is  a central  feature  of  the  resolution  of  scientific  controversies. 

— Driver,  Newton,  and  Osborne  (2000,  p.  287) 

Arguments  are  a related  series  of  statements  that  are  made  in  an  attempt  to 
get  the  reader  or  listener  to  believe  that  the  conclusion  is  true.  In  order  to 
analyze  or  dissect  an  argument,  we  need  to  know  not  only  its  component 
parts,  but  also  how  the  parts  are  related  to  each  other.  Arguments  are  made 
up  of  parts  that  are  synthesized  or  put  together  when  an  argument  is  made, 
and  parts  that  can  be  disassembled  as  one  way  to  understand  them.  The 
parts  that  make  up  an  argument  are  premise(s),  conclusion(s),  assumption(s), 
qualifier(s),  and  count erargument(s).  The  only  restriction  on  arguments  is 
that  each  must  have  at  least  one  premise  and  one  conclusion.  Beyond  this, 
a large  variety  of  arrangements  is  possible.  A good  way  to  understand  the 
relationships  between  the  parts  of  a prose  passage  is  to  draw  a diagram.  Dia- 
grams are  used  in  every  chapter  of  this  book  because  they  require  the 
drawer  to  be  specific  about  the  relationships  being  depicted  and  to  think 
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about  underlying  relationships.  Drawing  a diagram  is  a good  general  think- 
ing strategy. 

Let's  consider  the  simplest  argument  with  only  one  premise  and  one 
conclusion. 


This  argument  is  made  up  of  two  statements.  1 have  indicated  them  by  put- 
ting brackets  around  each  and  numbering  them  "1"  and  "2."  A statement 
is  a phrase  or  sentence  for  which  it  makes  sense  to  ask,  "is  this  true  or 
false?"  The  answer  to  this  question  is  not  relevant  here;  that  is,  it  doesn't 
matter  if  the  statement  really  is  true  or  false,  only  whether  it  makes  sense 
to  ask  if  the  phrase  is  true  or  false.  For  example,  the  following  are  NOT 
statements:  Rinse  the  spaghetti.  Who  lives  here?  is  that  house  for  sale? 
Wow!  Commands,  questions,  and  exclamations  are  not  statements  because 
it  makes  no  sense  to  ask  if  they  have  a "truth  value,"  that  is,  it  makes  no 
sense  to  ask  if  they  are  true  or  false. 

Look  again  at  the  simple  argument  in  the  paragraph  above.  Identify  which 
of  the  two  statements  is  the  conclusion  and  which  is  the  premise. 

Conclusion:  [Get  plenty  of  aerobic  exercise].  Remember,  the  conclusion  is 
the  statement  that  indicates  what  you  should  believe  or  what  you  should 
do.  (1  started  with  the  conclusion  because  this  is  often  the  easiest  part  of 
the  argument  to  identify.) 

Premise:  [Aerobic  exercise  will  build  a strong  cardiovascular  system.]  This  is 
the  "why"  part  of  the  argument  that  gives  a reason  for  believing  the 
conclusion. 

A diagram  of  this  relationship  shows  that  the  conclusion  is  supported  by 
the  premise: 

[1]  [Get  plenty  of  aerobic  exercise] — the  conclusion 

t 

[2]  [Aerobic  exercise  will  help  you  build  a strong  cardiovascular  system] — 
the  premise 


2 


[Be  sure  to  get  plenty  of  aerobic 
exercise]  because 


[aerobic  exercise  will  help  you  build 
a strong  cardiovascular  system.] 
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As  you  can  see,  the  statement  that  is  the  conclusion  [1]  is  at  the  top  of  the 
diagram  and  the  premise  [2]  is  holding  it  up.  This  is  shown  with  the  arrow 
that  points  from  the  premise  to  the  conclusion. 

Now  let's  consider  an  argument  in  which  two  different  premises  support 
one  conclusion.  Again,  1 have  bracketed  each  statement  and  numbered 
each: 


1 2 3 

[Be  sure  to  get  plenty  of  [aerobic  exercise  will  help  [it  will  lower  your 
aerobic  exercise]  because  you  build  a strong  resting  heart  rate]. 

cardiovascular  system]  and 

[1  ] Conclusion:  Get  plenty  of  exercise. 

[2]  Premise:  Aerobic  exercise  will  build  a strong  cardiovascular  system. 

[3]  Premise:  Aerobic  exercise  will  lower  your  resting  heart  rate. 

A diagram  of  this  argument  will  look  like  this: 

[1] 

[2]  [3] 

In  this  diagram,  we  have  two  premises  supporting  one  conclusion.  Both  of 
the  arrows  point  to  the  same  conclusion.  This  is  called  a convergent 
strnctnre  because  both  premises  converge  onto  the  same  conclusion;  that 
is,  they  are  both  reasons  why  you  should  get  plenty  of  aerobic  exercise. 
Longer  arguments  will  often  contain  several  premises  that  support  a 
conclusion. 

Let's  consider  an  example  in  which  there  are  three  premises  and  two 
conclusions. 


1 

[Taylor  was  late  for  school] 
because 

3 

[she  had  to  stop  for  gas.] 


2 

[she  over-slept]  and 

4 5 

[Taylor  doesn't  care  much  [she  is  often 

about  school];  therefore  late.] 
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In  the  chapter  on  deductive  reasoning,  I talked  about  skeleton  structures — 
sort  of  fill-in-the-blank  structures  where  it  doesn't  matter  what  gets  filled 
in.  The  skeleton  is  the  "bare  bones"  of  an  argument,  the  place  where  you 
hang  your  statements.  Let's  reduce  this  argument  to  its  skeleton: 

[1]  because  [2]  and  [3].  [4]  therefore  [5]. 

This  is  a good  way  to  think  about  premise  and  conclusion  indicators.  Any 
statement  that  follows  because  will  probably  be  a premise  ([2]  and  [3]), 
and  any  statement  that  follows  therefore  will  probably  be  a conclusion 
([5]). 

Can  you  see  how  [2]  and  [3]  are  premises  for  [1],  and  [4]  is  a premise  for  [5]? 
A diagram  of  this  argument  will  look  like  this: 

[1]  [5] 

^ \ t 

[2]  [3]  [4] 

This  is  an  example  of  two  separate  arguments  in  the  same  paragraph. 

Guidelines  for  Diagramming  Arguments 

In  understanding  complex  arguments,  it  is  wise  to  identify  the  conclu- 
sions, premises,  assumptions,  qualifiers,  and  counterarguments,  and  then 
diagram  the  structure  of  their  relationship.  It  is  often  useful  to  turn  the 
argument  into  its  skeleton  form  so  that  relationships  can  be  seen  more 
clearly.  The  major  difficulty  in  using  this  procedure  is  that  complex  argu- 
ments have  complex  structures.  Sometimes  there  is  more  than  one  possible 
interpretation  and,  correspondingly,  more  than  one  possible  diagram. 
Sometimes  the  difficulty  lies  in  deciding  if  a statement  is  really  part  of  a 
subargument  or  part  of  the  main  argument.  In  longer  text,  you  will  often 
have  to  restate  premises,  conclusions,  counterarguments,  assumptions,  and 
qualifiers  in  your  own  words.  This  process  can  involve  reducing  whole 
chapters  of  books  to  single  statements.  While  this  can  be  difficult,  it  is  an 
excellent  strategy  for  comprehension.  Often  the  process  of  diagramming 
will  reveal  what  is  wrong  or  right  about  a certain  argument.  If  more  than 
one  diagram  of  an  argument  is  possible,  then  you  can  consider  each  sepa- 
rately. Does  one  diagram  provide  stronger  support  for  the  conclusion?  Is 
one  diagram  a "truer"  representation  of  the  statements  being  made? 
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Using  Argument  Structure  when  Writing  and  Speaking 

In  your  own  writing  and  speaking,  you  often  need  to  persuade  an  audience 
that  your  conclusions  are  correct.  Before  you  write  or  make  an  oral  presen- 
tation, be  sure  that  you  can  answer  the  following  questions: 

1.  What  is  your  conclusion?  In  other  words,  what  is  the  point  (or 
points)  you  want  to  make?  Arguments  are  made,  or  constmcted, 
from  their  parts,  and  there  is  no  argument  if  there  is  no  conclusion. 
Although  this  question  is  first  on  the  list,  do  not  start  with  the  con- 
clusion that  you  want  or  believe  to  be  tme  and  then  find  reasons  to 
support  it.  Look  at  reasons  and  evidence  that  address  a particular 
issue  in  as  unbiased  a way  as  possible  to  determine  what  conclusion 
is  best  supported.  The  idea  of  taking  a position  on  a controversial 
issue  and  then  finding  support  for  that  position  is  a close-minded 
approach  to  thinking.  If  an  issue  is  controversial,  then  there  should 
be  support  for  both  sides  (or  more  than  two  sides),  and  critical  think- 
ers should  be  able  to  cite  support  for  multiple  positions  and  decide 
on  the  best  conclusion  by  weighing  all  of  the  available  evidence. 

2.  What  are  the  reasons  that  support  your  conclusion?  How  strong  are 
they? 

3.  What  assumptions  are  you  making?  Are  they  reasonable  assump- 
tions? Should  they  be  explicitly  stated? 

4.  What  are  the  conditions  under  which  the  conclusion  might  not  be 
true?  In  other  words,  are  qualifiers  needed? 

5.  What  are  the  counterarguments?  Why  should  a reader  or  listener 
not  believe  in  your  conclusion?  What  alternative  conclusions  have 
you  actively  considered? 

6.  What's  missing?  Are  other  conclusions  possible  given  the  reasons? 
Are  there  other  reasons?  Other  counterarguments?  Other  assump- 
tions? This  step  requires  that  you  look  beyond  the  information  that 
you  are  using  to  consider  what  else  might  be  important. 

Actively  Open-Minded  Thinking 


People  display  myside  bias:  they  evaluate  evidence,  generate  evidence, 
and  test  hypotheses  in  a manner  biased  towards  their  own  opinions. . . . 
People  also  display  a one-sided  bias:  they  prefer  arguments  that  are  one- 
sided rather  than  arguments  that  reflect  many  different  perspectives. 

— Keith  E.  Stanovich  and  Richard  F.  West  (2008,  p.  130) 
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Another  reason  why  you  should  learn  how  to  analyze  arguments  concerns 
what  Seech  (1993)  calls  "points  of  logical  vulnerability."  There  are  some 
topics  about  which  we  have  trouble  being  objective.  For  example,  1 know 
that  it  would  be  difficult  for  me  to  be  objective  about  the  Ku  Klux  Klan. 
This  is  an  emotional  topic  for  me,  and  1 would  have  great  difficulty  con- 
cluding anything  positive  about  this  group,  if  1 used  argument  analysis, 
especially  by  reducing  an  argument  to  its  skeleton  and  then  diagramming 
its  structure,  then  1 could  assess  the  strength  of  the  support  for  a conclu- 
sion more  fairly  than  1 could  without  this  sort  of  analysis.  Of  course, 
1 could  still  decide  that  any  belief  or  action  that  they  are  advocating  is 
wrong. 

There  is  a theme  that  reoccurs  in  almost  every  chapter  in  this  text — the 
pervasiveness  of  the  confirmation  bias — the  bias  to  look  for  and  prefer  in- 
formation that  confirms  prior  beliefs  (O'Brien,  2009).  Some  authors  call  it 
"my-side  bias"  as  a way  of  emphasizing  the  strong  general  tendency  to 
prefer  evidence  that  supports  what  they  believe  to  be  true  (Stanovich  & 
West,  2008).  it  is  a very  strong  influence  on  the  way  many,  perhaps  all,  of 
us  think  and  feel,  and  for  the  most  part,  we  are  unaware  of  its  effects,  in- 
formation that  supports  conclusions  that  we  believe  to  be  true  just  seems 
better  than  information  that  does  not.  Furthermore,  the  bias  to  prefer  in- 
formation that  is  consistent  with  our  preexisting  biases  does  not  vary  as  a 
function  of  intelligence  (Stanovich  & West,  2008).  in  a study  of  the  rela- 
tionship between  intelligence  and  critical  thinking,  people  who  scored 
high  on  standardized  tests  designed  to  assess  intelligence  were  as  likely  to 
show  a bias  for  explanations  they  preferred  as  those  who  scored  lower  on 
the  intelligence  test. 

Think  about  some  topic  about  which  you  have  strong  feelings — it  could  be 
gun  control,  censorship,  school  vouchers,  innate  differences  between  the 
sexes,  the  United  Nations,  the  death  penalty,  same-sex  marriage,  or  any- 
thing else  where  the  conclusion  (what  to  do  or  believe)  is  clear  to  you.  Now 
suppose  that  you  come  across  strong  evidence  that  supports  a different 
conclusion  than  the  one  you  prefer — let's  say  it  makes  a strong  case  for  al- 
lowing open  access  to  guns  and  you  favor  strict  control  of  gun  access  or 
you  are  given  data  that  show  that  the  death  penalty  increases  the  crime 
rate  and  you  favor  the  death  penalty.  How  would  you  respond?  1 suppose 
that  you  would  want  to  know  more — how  the  data  were  collected,  what 
the  data  actually  showed — but  assume  for  now  that  there  are  strong  data 
that  support  a conclusion  you  totally  oppose.  Now  what?  Baron  (1993) 
used  the  term  "actively  open-minded"  to  describe  people  who  can  change 
a cherished  belief  when  given  good  reasons  to  do  so.  it  turns  out  that 
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actively  and  honestly  processing  information  that  runs  counter  to  prior 
beliefs  is  very  difficult,  but  there  are  people  who  can  remain  open-minded 
enough  to  evaluate  an  argument  objectively,  independent  of  their  prior 
beliefs  (Baron,  1995;  Stanovich  & West,  1997).  It  is  not  impossible  to  be 
fair-minded,  but  it  is  difficult. 

Historical  Evidence 

How  do  you  know  that  World  War  11  really  happened  and  that  it  is  not  just 
a made  up  story  to  serve  as  the  background  for  Hollywood  war  movies? 
When  1 asked  this  question  in  class  one  day,  a student  told  me  that  he 
knew  that  World  War  11  really  happened  because  his  grandfather  was 
there — his  grandfather  fought  in  the  war,  and  it  was  as  horrible  as  we  have 
read  in  our  history  books.  Based  on  the  information  we  had,  it  was  easy  to 
conclude  that  the  student's  grandfather  was  a credible  source  of  informa- 
tion for  this  topic.  In  addition,  he  had  war  injuries  to  support  his  story.  The 
question  may  seem  strange,  but  there  are  groups  of  people  who  claim  that 
stories  about  World  War  11  are  exaggerated  (or  lies)  and  that  there  was  no 
mass  extermination  of  the  Jews  in  Europe.  Similarly,  there  are  groups  that 
claim  that  slavery  in  the  United  States  was  not  so  bad  (as  mentioned  in  the 
last  chapter).  In  fact,  there  may  be  groups  that  deny  everything  we  know 
about  history  and  science.  How  can  we  honestly  assess  these  claims?  It 
seems  that  all  "fringe"  groups  that  advocate  a point  of  view  that  is  not  well 
supported  use  similar  methods  in  constructing  their  arguments. 

How  can  we  analyze  historical  arguments?  In  an  outstanding  analysis  of 
the  arguments  used  by  "Holocaust  Deniers'  (people  who  claim  that  the 
Holocaust  never  happened  or  that  it  has  been  exaggerated),  Shermer  (1997, 
p.  212)  wrote  that  these  groups 


(a)  concentrate  on  any  weakness  in  their  opponents'  argument  in- 
stead of  providing  strong  evidence  to  support  their  own 
argument; 

(b)  exploit  errors  in  the  opposing  argument — by  focusing  on  a mis- 
take made  by  someone  who  supports  an  opposing  view,  they  can 
suggest  that  all  or  most  of  the  evidence  is  wrong; 

(c)  take  quotes  out  of  context  so  that  the  meaning  is  altered; 

(d)  recast  honest  debates  between  scholars  to  make  them  seem  as 
though  the  honest  scholars  disagree  about  fundamental  issues, 
when  in  fact  they  may  disagree  only  about  tertiary  issues;  and 

(e)  focus  on  what  is  not  known  rather  than  what  is  known. 


246  Analyzing  Arguments 


Historical  arguments  are  correctly  evaluated  with  the  same  methods  that 
are  used  in  anthropology,  botany,  geology,  and  every  other  field.  Converg- 
ing evidence  (remember  converging  arguments  from  the  earlier  section?) 
shows  that  demographic  data,  historical  records,  eye  witness  accounts, 
physical  evidence,  etc.  all  support  the  conclusion  that  the  holocaust  de- 
niers  twist  and  distort  evidence  and  argument  to  advance  a racist  agenda. 
A basic  understanding  of  arguments — reasons,  evidence,  conclusions, 
counterarguments,  etc. — can  protect  you  from  falling  prey  to  fringe  groups 
who  are  trying  to  advance  a political  agenda  (often  a racist  agenda)  that  is 
not  supported  by  data. 

Evaluating  the  Strength  of  an  Argument 


Advertising  persuades  people  to  buy  things  they  don't  need  with  money 
they  ain't  got. 

—Will  Rogers  (1879-1935) 

All  arguments  are  not  equally  good  or  equally  bad.  Think  about  how  your 
belief  about  an  issue  can  be  swayed  or  reinforced  as  each  speaker  in  a de- 
bate presents  the  reasons  and  conclusions  supporting  or  refuting  a posi- 
tion. In  this  section,  we  consider  how  to  evaluate  the  strength  of  an 
argument. 

Arguments  are  evaluated  by  how  well  they  meet  three  criteria.  The  first 
criterion  concerns  the  acceptability  and  consistency  of  the  premises.  The 
second  criterion  concerns  the  relationship  between  the  premises  and  the 
conclusion.  Do  the  premises  support  the  conclusion?  Does  the  conclusion 
follow  from  them?  The  third  criterion  concerns  the  unseen  part  of  the  ar- 
gument. What's  missing  that  would  change  your  conclusion?  Let's  consider 
each  of  these  criteria  in  turn. 


Acceptable  and  Consistent  Premises 

No  man  can  think  clearly  when  his  fists  are  clenched. 

— George  Jean  Nathan  (quoted  in  Byrne,  1988,  p.  390). 

The  premises  are  the  "why"  part  of  an  argument.  The  premises  must  be 
acceptable.  A premise  is  acceptable  when  it  is  true  or  when  we  can  rea- 
sonably believe  that  it  is  true.  Let's  consider  what  this  means.  If  1 say  that 
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the  sun  is  hot,  this  is  an  acceptable  premise.  I have  never  touched  the  sun, 
but  many  experts  in  the  field  have  said  that  the  sun  is  hot.  Much  of  what 
we  believe  to  be  true  comes  from  experts'  statements  and  personal  and 
common  or  shared  knowledge.  Similarly,  1 have  no  direct,  first-hand 
knowledge  of  bacteria,  but  it  is  reasonable  to  believe  that  they  exist.  Ac- 
ceptable premises  are  commonly  acknowledged  "truths"  of  science.  1 be- 
lieve that  California  is  larger  than  New  Jersey  although  1 have  never 
measured  them.  You  could  probably  give  a long  list  of  "facts"  that  are  com- 
monly believed  to  be  true.  These  are  examples  of  acceptable  premises. 

Premises  that  are  false  are  unacceptable.  Examples  of  false  premises  in- 
clude: men  can  give  birth  to  babies,  whales  can  fly,  all  mammals  are  dogs, 
and  Spanish  is  the  primary  language  of  Canada.  1 do  not  want  to  get  into 
the  philosophical  considerations  of  how  we  can  ever  know  "truth."  Per- 
sonal or  common  knowledge  and  expert  testimony  will  be  the  guide  for 
determining  acceptability. 

Unfortunately,  acceptability  is  not  an  either/or  proposition  in  which  a 
premise  is  either  acceptable  or  it  is  not.  Sometimes,  part  of  the  job  of  ana- 
lyzing an  argument  involves  determining  how  acceptable  a premise  is.  This 
may  require  research  on  your  part.  Suppose  that  you  are  listening  to  an 
argument  about  the  safety  of  a nuclear  facility  near  your  home.  The  corpo- 
ration that  wants  to  build  the  facility  argues  that  it  is  safe;  therefore,  you 
have  nothing  to  worry  about.  One  way  to  decide  about  the  acceptability  of 
this  premise  is  to  spend  some  time  in  the  library  reading  about  the  kinds 
of  accidents  that  have  occurred  in  the  past,  the  kinds  of  safety  precautions 
that  are  used,  and  whether  there  were  important  benefits  in  communities 
that  have  such  facilities.  You  will  also  need  to  consider  the  statements  of 
experts  in  this  area. 

In  a good  argument,  the  premises  are  also  consistent.  When  several  prem- 
ises are  presented  to  support  a conclusion,  they  must  not  contradict  each 
other.  For  example,  an  argument  in  which  one  premise  states  that  we  have 
to  reduce  unemployment  in  order  to  improve  the  economy  and  another 
premise  states  that  we  have  to  increase  unemployment  in  order  to  improve 
the  economy  is  an  argument  that  contains  inconsistent  premises.  Some- 
times, when  premises  are  inconsistent,  it  is  possible  to  eliminate  one  of 
them  because  it  is  weak  or  faulty.  If  you  can  eliminate  the  inconsistency 
between  the  premises,  you  will  be  able  to  judge  more  clearly  the  strength 
of  the  argument. 
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Credibility 

Trustworthiness  refers  to  the  willingness  of  a source  to  provide  accurate, 

reliable  information,  with  trustworthy  sources  influencing  readers'  be- 
liefs, attitudes,  and  expectations  more  so  than  untrustworthy  ones. 

—Jesse  R.  Sparks  and  David  N.  Rapp  (2011,  p.  230) 

What  makes  an  expert  credible?  In  deciding  whom  and  what  to  believe, 
you  need  to  consider  the  source  of  the  information.  Ask  yourself  the  follow- 
ing questions  about  an  expert  who  is  presenting  the  reasons  for  a belief: 

1.  Is  the  "expert"  a recognized  authority  in  the  same  field  in  which  she 
is  providing  testimony? 

2.  Is  the  expert  an  independent  party  in  this  issue?  If  the  expert  who 
says  the  nuclear  facility  is  safe  was  hired  by  the  corporation  that 
owns  the  laboratory,  then  her  testimony  is  suspect.  The  testimony 
is  not  necessarily  dishonest  or  wrong,  but  you  should  be  wary  be- 
cause a motive  for  personal  gain  maybe  involved. 

3.  What  are  the  expert's  credentials?  Did  she  write  several  journal  ar- 
ticles on  the  subject,  which  were  then  published  in  respected  jour- 
nals, or  is  her  expertise  documented  with  a single  night  school 
course  in  the  topic?  Is  the  expert  current  in  the  field? 

4.  Does  the  expert  have  specific  and  first-hand  knowledge  of  the  issue? 
She  could  conclude  that  nuclear  facilities  are  generally  safe,  but 
have  no  direct  knowledge  of  the  one  being  proposed.  Did  she  check 
the  plans  for  safety  features? 

5.  What  methods  of  analysis  were  used  by  the  expert?  Are  there  stan- 
dard safety  assessments  for  nuclear  facilities?  Were  these  used? 

It  is  interesting  to  note  that  a similar  list  of  variables  was  found  in  a study 
of  what  makes  jurors  believe  experts.  Legal  researchers  found  that  the  most 
important  factors  in  the  way  jurors'  assessed  credibility  were  the  expert's 
qualifications,  reasoning,  familiarity  with  the  particular  case,  and  impar- 
tiality (Shuman  & Champagne,  1998). 

Reread  the  advertisement  presented  at  the  beginning  of  this  chapter  that 
states  that  we  can  "eat  all  day  and  still  lose  weight."  Who  are  the  doctors 
and  universities  that  support  this  claim?  (No  names  are  given.  You  should 
immediately  begin  to  question  the  credibility  of  this  information.)  Was 
their  expertise  in  weight  loss?  What  are  their  credentials?  Are  they 
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independent  or  will  they  make  money  if  you  buy  this  product?  What  were 
the  methods  of  analysis  that  were  used  to  document  the  statement  that  it 
will  make  you  feel  stronger  and  full  of  pep?  (None  were  mentioned.)  Are 
the  claims  made  in  this  advertisement  credible? 

Decisions  about  the  acceptability  of  premises  will  often  depend  on  how 
you  evaluate  the  source  of  the  information.  When  you  have  two  experts 
who  disagree,  which  is  frequently  the  case,  you  need  to  understand  the 
nature  of  the  disagreement  and  their  relative  expertise.  Are  they  disagree- 
ing on  research  findings  or  the  interpretation  of  those  findings?  Try  to  zero 
in  on  the  specific  points  on  which  they  disagree  so  that  you  can  scrutinize 
these  points. 

Carlson  (1995)  distinguished  between  experts  with  regard  to  matters  of 
reality  and  matters  of  value.  When  the  topic  concerns  “reality"  (e.g..  Do 
people  who  live  near  nuclear  facilities  plants  suffer  from  more  illnesses 
than  people  who  do  not  live  near  them?),  then  the  expert  can  provide  evi- 
dence, such  as  the  results  of  studies,  that  support  her  conclusion.  When  the 
topic  concerns  values,  the  identification  and  role  of  the  expert  is  more  dif- 
ficult. For  example,  should  euthanasia  be  allowed?  This  sort  of  question 
involves  issues  such  as  whether  anyone  has  the  right  to  terminate  his  own 
life,  and  experimental  data  will  not  be  useful  in  formulating  a conclusion 
in  this  situation.  A chemist  might  be  a credible  expert  for  questions  con- 
cerning chemical  warfare,  but  who  is  a credible  expert  for  questions  of 
euthanasia?  Are  the  opinions  of  medical  personnel,  clergy,  or  ordinary  citi- 
zens equally  good  in  making  these  decisions?  There  are  few  guidelines  for 
selecting  credible  experts  in  matters  of  value.  Fischhoff  (1993)  is  an  expert 
on  expertise.  As  he  wisely  notes,  by  definition,  experts  know  more  about 
some  topic  than  most  of  us.  However,  expert  knowledge  is  always  incom- 
plete and  people  can  legitimately  disagree  about  a wide  range  of  topics, 
such  as  which  risks  are  worth  taking. 

The  Credibility  Crisis 

The  rapid,  phenomenal  expansion  of  information  on  the  Internet  has  cre- 
ated a credibility  crisis.  Almost  anyone  can  provide  information  on  almost 
any  topic  on  the  Internet,  and  it  is  easily  accessible  with  a few  clicks  of  a 
mouse.  Users  must  know  how  to  decide  if  the  source  of  the  information  is 
credible.  Some  sites  have  "seals  of  approval"  from  credible  groups  like  the 
American  Association  for  the  Advancement  of  Science,  but  others  are  so 
junky  that  reading  from  them  might  be  closer  to  a crime  than  a legitimate 
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educational  experience.  Sometimes,  the  site  looks  great — spiffy  graphics 
and  science-sounding  names,  but  after  a few  screens  are  read,  advertise- 
ments pop  up  to  sell  you  something  or  an  obviously  biased  message  is 
shown. 

When  evaluating  information  from  a web  site,  look  for  the  following  (sug- 
gestions from  Tate  & Alexander,  1996): 

(a)  The  authority — Who  is  sponsoring  the  site?  What  are  the  authors' 
qualifications? 

(b)  Accuracy — Where  did  the  information  come  from?  Are  the  data 
clearly  labeled? 

(c)  Objectivity — Is  the  site  a public  service  or  is  it  just  a fancy 
"sales-pitch?" 

d)  Currency — When  was  the  site  last  revised?  Is  the  information  still 
relevant? 

e)  Coverage — Is  the  information  complete? 


Premises  that  Support  the  Conclusion 

Consider  the  following  argument: 

It  is  important  that  we  elect  a prime  minister  from  the  New  Democratic 
Party  (a  political  party  in  Canada)  because  the  rain  in  Spain  falls  mainly 
on  the  plain. 

I hope  that  your  response  to  this  was,  "huh?"  The  premise  or  reason  why 
we  should  support  a candidate  from  the  New  Democratic  Party  had  noth- 
ing to  do  with  it.  The  rain  in  Spain  is  unrelated  to  political  elections  in 
Canada.  In  technical  terms,  the  premise  does  not  support  the  conclusion. 

In  determining  the  relevance  or  relatedness  between  the  premises  and  the 
conclusion(s),  I like  to  use  an  analogy  to  a table.  The  conclusion  is  the  top 
of  the  table  and  the  premises  are  the  legs.  When  the  premises  are  unrelated 
to  the  conclusion,  they  are  off  somewhere  in  another  room  and  cannot 
support  the  table.  It  is  easy  to  detect  instances  in  which  the  premises  are 
totally  unrelated  to  the  conclusion.  Other  examples  are  more  difficult  as 
relatedness  is  a matter  of  degree.  Premises  can  be  more  or  less  related  to  the 
conclusion. 
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Determining  the  relatedness  between  the  premises  and  the  conclusion  can  be 
tricky.  This  is  exactly  the  sort  of  determination  that  judges  are  required  to 
make  all  of  the  time.  Consider  a rape  case  in  which  the  defense  wants  to  show 
that  the  woman  agreed  to  sexual  intercourse.  Is  her  previous  sexual  behavior 
related  to  this  issue?  Most  of  the  time,  the  courts  have  mled  that  a woman's 
past  sexual  history  is  unrelated  to  whether  she  was  coerced  at  the  time  in 
question,  but  under  special  circumstances,  such  evidence  may  be  admissible 
because  the  judge  decides  that  it  may  be  related  to  a particular  case. 

The  premises  not  only  have  to  be  related  to  the  conclusion,  they  also  have 
to  be  strong  enough  to  support  the  conclusion.  Some  authors  call  this  con- 
dition adequate  grounds.  When  premises  provide  good  support  for  the 
conclusion,  we  say  that  there  are  adequate  grounds  for  believing  that  the 
conclusion  is  true  or  likely  to  be  true. 

Let's  return  to  the  table  analogy.  Think  of  the  conclusion  as  a solid  wooden 
table  top.  A solid  wooden  table  top  will  topple  over  if  we  try  to  support  it 
with  a few  toothpicks.  The  only  way  to  support  it  is  to  use  one  or  more 
strong  legs  or  many  weaker  legs  that,  when  used  together,  will  form  a 
strong  base  of  support.  These  possibilities  are  depicted  in  Figure  5.1. 


Conclusion 


Premises  Unrelated  to  Conclusion 


Many  Weak  Premises 
Support  Conclusion 


Single  Strong  Premise 
Supports  Conclusion 


Few  Weak  Premises  Fail 
to  Support  Conclusion 


Figure  5.1  Table  analogy  for  understanding  the  strength  of  an  argument.  The  tabletop 
is  the  conclusion  and  the  legs  are  the  premises.  Strong  arguments  have  a firm  base  of 
support. 
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Let's  consider  some  examples  of  strength  of  support. 


1 


2 


1 . [Marion  and  Engelbert  have  filed  [they  plan  to  get  a divorce], 
for  divorce].  Therefore, 

As  before,  I have  bracketed  and  numbered  the  statements. 

In  skeleton  form,  this  is  [1]  therefore  [2]. 

I hope  that  you  can  see  that  statement  [1]  is  a reason  for  statement,  and  [2] 
is  the  conclusion.  Since  we  have  one  reason  and  one  conclusion,  this  is  an 
argument. 

The  unstated  assumption  that  they  are  married  will  be  omitted  from  the 
diagram  because  it  is  not  relevant  to  the  point  being  made;  but  if  it  were 
included,  it  would  point  to  [1]. 

Graphically,  this  becomes: 


I have  rated  the  strength  of  support  for  the  conclusion  as  strong  because  I 
believe  that  filing  for  divorce  is  very  strong  evidence  that  they  plan  to  get 
divorced  (although  there  are  other  possibilities  which  is  why  it  is  not  abso- 
lutely certain). 


2.  [Marion  and  Engelbert  had  eggs  [they  plan  to  get  a divorce], 
for  breakfast].  Therefore, 

In  skeleton  form,  this  is  still  [1]  therefore  [2] . 

Because  the  premise  is  unrelated  to  the  conclusion,  it  provides  no  support 
for  the  conclusion. 


[1] 


strong 


1 


2 


[1] 


> No  Support 
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In  this  example,  the  reason  provides  no  support  for  the  conclusion.  We 
have  no  reason  to  believe  that  they  plan  to  get  a divorce. 

1 2 

3.  [Marion  and  Engelbert  had  a fight  [they  plan  to  get  a divorce], 
this  morning.]  Therefore, 

The  skeleton  structure  is  still  [1]  therefore  [2]. 

In  this  example,  the  premise  is  related  to  the  conclusion,  but  the  support 
is  weak. 


I > Weak  Support 

[1]^ 

1 

4.  [Marion  and 

Engelbert  had  a fight 
this  morning].  In  fact, 

4 

[Marion  made  an 
appointment  with  a 
divorce  attorney]. 

Therefore, 

This  example  contains  five  statements.  Statement  [5]  is  the  conclusion.  The 
other  four  statements  are  premises  for  the  conclusion.  Let's  consider  each 
premise  and  decide  how  well  it  supports  the  conclusion. 

[5]:  Marion  and  Engelbert  plan  to  get  a divorce.  This  is  the 
conclusion. 

[1  ]:  Marion  and  Engelbert  had  a fight  this  morning,  (weak) 

[2] :  They  fight  every  day.  (weak) 

[3 ] :  Engelbert  is  moving  out  to  live  with  his  mother,  (moderate) 

[4 ] :  Marion  made  an  appointment  with  a divorce  attorney,  (strong) 

In  this  example,  there  are  multiple  premises  to  support  the  conclusion. 
Taken  together,  they  provide  strong  support. 


2 3 

[they  fight  everyday].  [Engelbert  is  moving 

out  of  their  apartment 
and  plans  to  move  in 
with  his  mother]. 

5 

[they  plan  to  get  a 
divorce]. 
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[5] 


[1]  [2]  [3]  [4] 


weak+  weak+  moderate+strong 


Strong  support 


Look  at  the  list  of  premises.  With  only  the  first  one,  the  support  for  the 
conclusion  was  very  weak.  The  addition  of  the  second  made  the  support 
somewhat  stronger  because  there  were  now  two  separate  weak  premises, 
which  are  stronger  together  than  one  weak  premise.  As  additional  prem- 
ises were  added,  support  for  the  conclusion  increased.  This  is  an  example 
of  a convergent  argument  structure  in  which  multiple  premises  point  to 
(converge  on)  the  same  conclusion.  Additional  premises,  even  weak  ones, 
increase  the  strength  of  the  argument.  Using  the  table  analogy,  ask  your- 
self if  the  table  top  has  a sound  base  of  support  or  is  it  shaky  and  easy  to 
topple  over. 

You  may  have  been  looking  for  rules  or  guidelines  to  determine  the 
strength  of  support.  There  really  are  no  firm  rules,  only  guidelines.  How 
you  judge  the  strength  of  an  argument  depends  on  many  personal  factors, 
including  what  you  already  know  about  the  topic,  your  personal  values, 
and  how  you  make  judgments.  Some  psychologists  and  others  have  advo- 
cated for  teaching  children  and  adults  about  values,  which  would  include 
teaching  them  to  view  complex  issues  from  multiple  perspectives — a tech- 
nique that  is  frequently  used  in  critical  thinking  instruction,  although  we 
do  not  usually  think  of  this  as  "teaching  values."  Thinking,  at  its  heart,  is 
still  a very  personal  activity.  Although  there  are  many  skills  that  you  can 
learn  that  will  improve  how  you  think,  we  are  in  no  danger  of  turning  all 
thinking  into  a rigid  set  of  steps  that  will  make  us  all  think  the  same. 

Here  is  a good  example  where  thoughtful  people  disagree.  How  important 
is  a candidate's  personal  life  in  determining  whether  the  candidate  should 
be  elected?  is  it  an  indication  that  the  candidate  will  not  be  honest  if  you 
know  that  he  cheats  on  his  spouse?  Some  people  believe  that  anyone  who 
cheats  in  marriage  will  be  dishonest  in  other  situations;  others  believe  that 
the  two  are  unrelated.  Public  reaction  to  the  sexual  relationship  between 
Monica  Lewinsky,  a White  House  intern,  and  former  U.S.  President  Bill 
Clinton  showed  that  there  were  many  different  opinions  about  the  rele- 
vance of  this  relationship  to  Clinton's  job  as  president.  Similarly,  in  Russian 
elections,  not  long  ago,  the  leading  candidate  was  known  to  have  a prob- 
lem with  alcohol.  How  important  would  this  be  in  your  decision  of 


Analyzing  Arguments  255 


whether  to  vote  for  this  candidate?  In  answering  this  question,  you  would 
also  want  to  know  about  the  other  candidates  running  for  office  and  the 
extent  of  the  alcohol  problem,  but  ultimately,  many  people  disagree  over 
issues  such  as  these. 


Missing  Components 

They  will  try  to  tell  you  to  prove  you  are  right;  I tell  you  to  prove  you 
are  wrong. 

— Louis  Pasteur  (1822-1895) 

Most  arguments  are  written  to  persuade  the  reader  or  listener  that  a conclu- 
sion is  true  or  probably  true.  Good  examples  of  this  can  be  found  in  adver- 
tisements and  political  rhetoric.  A big  problem  in  attempts  to  persuade  is 
missing  and  distorted  claims.  In  other  words,  it  is  the  missing  parts  of  most 
arguments  that  are  often  the  most  important  parts.  In  order  to  evaluate  the 
quality  of  an  argument,  you  need  to  consider  what  has  been  left  out. 

When  evaluating  an  argument,  consider  each  component  separately  and 
think  about  ways  the  statements  could  have  been  distorted  and  what  has 
been  omitted.  Let's  analyze  a more  complicated  argument  with  an  example 
that  is  paraphrased  from  a newspaper  editorial  written  by  a resident  of 
Douglas,  Arizona  (Skippar,  2012)  in  response  to  an  article  that  advocated 
the  legal  use  of  marijuana  for  medical  conditions.  This  editorial  appeared 
in  the  Douglas  Dispatch  on  May  9,  2012. 

In  this  commentary,  the  author  argues  against  the  legal  use  of  marijuana 
for  medical  conditions.  I have  excerpted  sections  from  the  original  article. 
Consider  the  conclusion,  the  support  for  the  conclusions,  the  strength  of 
the  evidence,  the  counterarguments,  and  any  missing  components. 


I am  opposed  to  [name  of  person]  receiving  a permit  to  grow  medi- 
cal marijuana  in  our  neighborhood.  She  just  doesn't  have  all  the  facts. 
I have  enclosed  articles  from  the  Denver  Post  and  other  sources  stating 
there  is  criminal  activity  surrounding  medical  marijuana  growing  and 
dispensary  facilities  in  Denver  and  elsewhere.  While  crime  in  general 
may  not  go  up  appreciably,  criminals  are  going  after  medical  marijua- 
na facilities  because,  quite  frankly,  they  are  easy  targets.  The  criminals 
have  just  changed  their  venue.  Marijuana  is  easy  to  sell  illegally  on  the 
street  for  as  much  as  $300  to  $600  an  ounce,  which  makes  it  the  perfect 
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thing  to  steal.  According  to  law  enforcement  officials,  the  other  advantage 
to  crooks  is  many  thefts  involving  medical  marijuana  are  never  report- 
ed by  the  victims. 

If  a medical  marijuana  cultivation  site  were  permitted  in  our  rural 
neighborhood,  it  would  be  like  putting  up  a neon  sign  inviting  trouble 
into  our  neighborhood  from  both  sides  of  the  border.  We  are  only  four 
miles  from  the  Mexican  border.  The  County  Sheriff's  Department  has 
told  us  that  with  current  staffing  limitations,  they  don't  know  how  well 
they  could  respond  to  all  the  potential  problems  they  anticipate  we 
could  see  if  medical  marijuana  is  permitted  in  our  rural  community. 
1 guarantee  you,  our  concerns  are  legitimate.  We  would  be  at  risk. 

"No  pot  plant  here,"  neighbor. 

One  of  the  best  ways  to  think  about  what's  missing  is  to  change  your  point 
of  view  so  that  you  now  become  an  advocate  for  the  "other  side."  In  this 
case,  try  to  view  the  argument  from  the  perspective  of  someone  who  does 
not  agree  with  the  conclusion  that  is  being  advocated.  What  premises  are 
missing  or  additional  information  is  needed  that  would  support  an  oppo- 
site conclusion?  First,  what  is  the  conclusion?  That  is  easy — we  should  not 
allow  the  legal  sale  of  marijuana  in  this  neighborhood.  What  data  support 
the  conclusion?  There  is  the  idea  that  crime  will  increase,  but  this  point  is 
muddied  by  the  admitted  fact  that  "Crime  in  general  may  not  go  up  ap- 
preciably." The  author  argues  that  criminals  will  target  medical  marijuana 
facilities  because  they  are  easy  targets  and  the  criminals  can  sell  the  stolen 
marijuana  for  "as  much  as  $300  to  $600  an  ounce."  So  far,  seems  good,  but 
when  you  consider  the  issues  from  the  perspective  of  what  is  not  given  as 
information,  you  often  will  arrive  at  a different  conclusion. 

What  is  missing  from  this  argument?  What  about  medical  benefits  that 
come  from  the  medical  use  of  marijuana  such  as  relieving  the  intense  nau- 
sea caused  by  chemotherapy?  The  author  omitted  all  counterarguments 
about  the  benefits  of  allowing  people  to  use  marijuana  for  medical  reasons. 
Is  the  analogy  to  putting  up  a neon  sign  inviting  trouble  a good  one?  Phar- 
macies have  all  sorts  of  drugs  that  can  be  sold  illegally.  Should  they  also  be 
banned  for  similar  reasons?  What  is  being  assumed  by  the  reference  to 
Mexico?  Are  the  data  provided  accurate  and  unbiased?  Does  marijuana  re- 
ally sell  for  that  much  money?  Did  crime  increase  in  other  cities  that  al- 
lowed the  use  of  medical  marijuana?  Overall  how  strong  is  this  argument? 
Reasonable  people  will  disagree  on  the  importance  of  different  types  of 
data  and  what  type  of  data  are  relevant;  but  in  argument  analysis,  the  focus 
is  on  the  quality  of  the  reasons  and  counter  reasons,  which  moves  the 
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discussion  away  from  appeals  to  emotions.  We  will  not  all  think  the  same 
by  using  argument  analysis,  but  we  will  think  better. 


Sound  Arguments 

A good  argument  is  technically  called  a sound  argument.  An  argument 
is  sound  when  it  meets  the  following  criteria: 

1.  The  premises  are  acceptable  and  consistent.  (You  may  have  to 
eliminate  some  premises  so  that  the  others  are  consistent.) 

2.  The  premises  are  relevant  to  the  conclusion  and  provide  sufficient 
support  for  the  conclusion. 

3.  Missing  components  have  been  considered  and  are  judged  to  be 
consistent  with  the  conclusion. 

Satisfying  each  of  these  criteria  is  a matter  of  degree.  Premises  are  usually  ac- 
ceptable on  some  continuum  from  unacceptable  to  totally  acceptable.  The 
nature  of  support  that  they  provide  for  the  conclusion  also  lies  on  some  con- 
tinuum from  no  support  to  complete  support.  Similarly,  the  missing  compo- 
nents, especially  counterarguments,  may  weaken  the  argument  anywhere 
from  completely  to  not  at  all.  Because  all  of  these  assessments  have  to  be 
combined  to  decide  if  an  argument  is  sound,  we  usually  think  of  soundness 
as  ranging  from  unsound  to  completely  sound.  An  argument  is  unsound  if  its 
premises  are  false,  or  if  they  are  unrelated  to  the  conclusion,  or  if  a critical 
counterargument  is  missing.  An  argument  is  completely  sound  if  the  prem- 
ises are  acceptable  and  related  to  the  conclusion  in  a way  that  guarantees  the 
acceptability  of  the  conclusion.  Most  real-life  arguments  fall  somewhere  be- 
tween these  two  extremes.  For  this  reason,  conclusions  are  often  preceded 
with  probability  terms  like,  "it  is  likely  that"  or  "we  can  probably  conclude 
that."  Here  are  some  examples  of  different  degrees  of  soundness: 

Completely  Sound  Argument  (premises  are  acceptable  and  related 

to  the  conclusion  in  a way  that  guarantees  the  conclusion): 

All  mothers  are  women  who  have  (or  had)  children.  Suzi  is  a woman 
who  has  a son.  Therefore,  Suzi  is  a mother. 

Unsound  arguments  (either  the  premises  are  unacceptable  or  they 

are  unrelated  to  the  conclusion): 

All  fathers  have  given  birth  to  a child.  Norbert  has  a son.  Therefore 
Norbert  has  given  birth  to  a child,  (premise  is  unacceptable) 
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Norbert  has  a son;  therefore,  Norbert  also  has  a daughter,  (premise  is 
unrelated  to  the  conclusion) 

Don't  confuse  the  truth  or  acceptability  of  a conclusion  with  the  soundness 
of  an  argument.  A conclusion  can  be  objectively  true,  even  when  the  argu- 
ment is  unsound.  The  conclusion  could  be  true  for  reasons  that  have  noth- 
ing to  do  with  the  information  stated  in  the  argument.  Here  is  an  example 
of  a conclusion  that  is  objectively  true  embedded  in  an  unsound  argument. 

The  structure  of  the  family  has  been  changing  rapidly,  with  more  single 
parents  now  heading  their  own  households.  Consequently,  the  divorce 
rate  has  begun  to  level  off  and  decline  slightly. 

The  conclusion  about  the  divorce  rate  is  true  (according  to  demographers), 
but  the  argument  is  unsound  because  the  premise  does  not  support  the 
conclusion. 

Complex  issues  rarely  have  one  correct  conclusion.  More  often,  many  con- 
clusions are  possible,  and  the  task  of  analyzing  an  argument  involves  decid- 
ing which  of  two  or  more  conclusions  has  the  greater  strength  or  support. 


How  to  Analyze  an  Argument 

1.  The  first  step  is  to  read  or  listen  to  the  passage  to  determine  if  it 
contains  an  argument.  Are  there  at  least  one  premise  and  at  least 
one  conclusion?  if  not,  no  further  analysis  is  needed. 

2.  identify  all  the  stated  and  unstated  component  parts:  premises, 
conclusions,  assumptions,  qualifiers,  and  counterarguments. 
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3.  Check  the  premises  for  acceptability  and  consistency.  If  all  of  the 
premises  are  unacceptable,  stop  there  because  the  argument  is  un- 
sound. If  only  some  of  the  premises  are  unacceptable,  eliminate 
them,  and  continue  with  the  acceptable  premises.  If  the  premises 
are  inconsistent  with  each  other,  decide  if  you  can  justifiably  elimi- 
nate one  or  more.  An  argument  cannot  be  sound  if  the  premises  are 
inconsistent  or  contradict  each  other,  but  you  may  be  able  to  elimi- 
nate the  contradiction. 

4.  Diagram  the  argument.  Consider  the  strength  of  the  support  that 
each  premise  provides  for  the  conclusion.  Rate  the  strength  of 
support  as  nonexistent,  weak,  medium,  or  strong.  Look  over  the 
number  of  supporting  premises.  A large  number  of  supporting 
premises  can  provide  strong  support  for  the  conclusion  in  a con- 
vergent structure,  even  when  separately  each  only  provides  weak 
support. 

5.  Consider  the  strength  of  counterarguments,  assumptions,  and  quali- 
fiers (stated  or  omitted)  and  omitted  premises.  Do  they  undermine 
the  support  provided  by  the  premises  or  strengthen  or  weaken  it? 

6.  Finally,  come  to  a global  determination  of  the  soundness  of  the 
argument.  Is  it  unsound,  completely  sound,  or  somewhere  in  be- 
tween? If  it  is  somewhere  in  between,  is  it  weak,  medium,  or 
strong? 

You  may  be  thinking  that  analyzing  arguments  is  a lot  of  work.  You  are 
absolutely  right.  Diagramming  and  evaluating  complex  arguments  can  be 
as  demanding  as  a long  proof  in  mathematics  or  comprehending  a com- 
plex novel.  I realize  that  few  people  will  formally  diagram  an  argument  in 
real  life;  however,  it  is  a powerful  and  useful  tool  for  comprehending  com- 
plex arguments.  Practice  with  diagramming  arguments  will  aid  in  the 
analysis  of  other  arguments  even  when,  for  time  or  other  reasons,  actual 
diagramming  is  not  feasible.  It  will  help  you  distinguish  between  the  com- 
ponents of  an  argument  and  make  judgments  about  its  strength.  When  the 
issue  is  important  and  complex,  making  a diagram  of  its  structure  can  be 
well  worth  the  time  and  effort  required. 


A Template  for  Writing  Sound  Arguments 


The  importance  of  being  able  to  write  a sound  argument  is  recognized  as  a 
critical  thinking  task  that  is  essential  for  success  in  college  and  in 
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professional  careers.  Several  different  standardized  examinations  are  re- 
quiring test-takers  to  write  an  argument  as  a means  of  assessing  critical 
thinking  and  writing  skills.  At  the  present  time,  written  arguments  are  re- 
quired for  everyone  who  takes  the  Graduate  Record  Examination,  the  selec- 
tion test  used  for  entry  to  most  graduate  schools  in  the  United  States,  as 
well  as  the  examination  used  for  selection  for  entry  into  business  schools. 
Here  is  a template  for  writing  sound  arguments. 

The  template  is  designed  to  help  you  organize  your  thinking  on  complex 
issues  and  be  able  to  explain  evidence  on  two  or  more  sides  of  an  issue, 
such  as  the  evidence  for  and  against  evolutionary  hypotheses  of  mate  selec- 
tion or  for  and  against  the  idea  that  parents  are  important  influences  on 
their  children.  In  completing  this  template,  you  will  have  to  gather  and 
assess  evidence  to  determine  the  best  conclusion  or  conclusions  and  not 
start  with  what  you  believe  is  true.  You  will  need  to  consider  both  support- 
ing and  disconfirming  evidence — an  exercise  that  can  help  you  avoid  the 
confirmation  bias.  Here  is  an  applied  example: 


Making  Arguments  Template 

Example  1:  Does  violence  on  television  have  a negative 
influence  on  children's  behavior? 

1.  State  your  conclusion.  (Although  you  may  begin  your  formal 
writing  here,  be  sure  that  the  conclusion  follows  from  your  rea- 
sons.) As  you  work,  this  is  the  last  part  that  is  filled  in,  not  the 
first. 

2.  Give  three  reasons  (or  some  other  number)  that  support  your 
conclusion. 

a. 

b. 

c. 

3.  Rate  each  reason  as  weak,  moderate,  strong,  or  very  strong. 
Rating  for  a: 

Rating  for  b: 

Rating  for  c: 
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4.  Give  three  counterarguments  (or  some  other  number)  that 
weaken  your  conclusion.  Rate  how  much  each  counterargu- 
ment weakens  the  conclusion:  little,  moderate,  much,  or  very 
much. 

a. 

Rating  for  a: 

b. 

Rating  for  b: 

c. 

Rating  for  c: 

5.  List  any  qualifiers  (limitations  on  the  reasons  for  or  against — for 
example  some  evidence  may  be  restricted  to  early  childhood). 

6.  List  any  assumptions. 

7.  Are  your  reasons  and  counterarguments  directly  related  to  your 
conclusion? 

8.  What  is  the  overall  strength  of  your  argument:  weak,  moderate, 
strong,  or  very  strong? 

Now  that  you  have  completed  this  worksheet,  rate  the  overall  strength 
of  your  argument. 


Once  the  template  is  completed,  the  writing  will  be  the  easy  part  because 
you  already  know  what  you  want  to  say  and  have  listed  your  reasons  and 
considered  the  strength  of  your  argument.  (If  you  are  planning  on  taking 
any  of  the  standardized  admissions  examinations  that  now  require  that 
you  write  an  argument,  this  exercise  should  greatly  improve  your  score.) 


Reasoning  and  Rationalizing 

People  are  irrational,  short-sighted,  destructive,  ethnocentric,  emo- 
tional, and  easily  misled  by  demagogues. 

— Philip  E.  Tetlock  (1994,  p.  3) 

When  you  evaluate  arguments,  you  are  also  evaluating  your  own  knowl- 
edge about  the  subject  matter.  There  may  be  other  counterarguments  that 
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are  quite  strong  but  that  are  unknown  to  you.  Similarly,  your  ratings  of  the 
strength  of  the  components  may  be  biased  in  ways  that  support  a conclu- 
sion that  you  favor.  Nickerson  (1986)  makes  an  important  distinction  be- 
tween reasoning  and  rationalizing.  When  we  rationalize,  we  attend  to 
information  that  favors  a preferred  conclusion.  We  may  selectively  gather 
information  that  supports  a preferred  conclusion  or  rate  counterarguments 
as  weak  because  they  detract  from  a preferred  conclusion.  Rationalizing  also 
influences  the  nature  of  the  missing  components  that  we  supply  to  an  exist- 
ing argument.  When  we  add  to  an  argument,  the  information  that  we  sup- 
ply is  information  that  is  readily  recalled.  If  you  have  already  read  the 
chapter  on  memory,  then  you  are  well  aware  of  the  many  ways  that  mem- 
ory can  be  biased.  Rationalizing  is  usually  not  a deliberate  process  to  distort 
the  analysis  of  arguments,  which  makes  it  difficult  to  recognize  and  guard 
against.  It  is  easier  to  recognize  rationalizing  when  someone  else  is  doing  it. 
Perhaps  the  best  you  can  do  is  realize  that  rationalization  does  occur  and  to 
try  to  be  especially  vigilant  for  rationalizing  when  you  prefer  a conclusion. 

Just  telling  people  that  we  tend  to  judge  information  that  we  favor  as  stron- 
ger than  information  that  we  oppose  does  not  work  to  correct  this  bias.  Is 
it  any  wonder  why  it  is  so  difficult  to  get  people  to  assess  controversial  is- 
sues in  a fair-minded  manner?  Because  we  are  not  aware  that  we  judge 
reasons  in  a way  that  supports  what  we  believe  to  be  true,  it  is  very  difficult 
to  change  the  way  we  evaluate  information.  One  successful  attempt  was 
accomplished  by  Koriat,  Lichtenstein,  and  Fischhoff  (1980).  They  required 
students  to  list  reasons  that  support  a conclusion  and  reasons  that  run 
counter  to  a conclusion  (counterarguments)  and  to  rate  the  strength  of 
each.  This  should  be  familiar  because  they  are  the  steps  used  in  analyzing 
arguments.  They  found  that  students  became  more  accurate  in  their  assess- 
ments after  this  training  in  "giving  reasons."  These  results  have  been  repli- 
cated in  more  recent  studies  in  which  the  bias  for  information  that 
confirms  a prior  belief  was  reduced  by  requiring  people  to  provide  reasons 
that  did  not  support  the  preferred  conclusion  (Lenski,  2001;  Flannelly  & 
Flannelly,  2000).  The  authors  of  one  of  the  studies  summarized  their  re- 
search: "critical  thinking  skills  of  students  should  be  fostered  so  the  stu- 
dents come  to  appreciate  the  importance  of  weighting  both  positive  and 
negative  evidence"  (Flannelly  & Flannelly,  2000).  These  sorts  of  experimen- 
tal results  show  that  the  giving  and  assessing  of  reasons  can  have  beneficial 
results  that  improve  the  thinking  process. 

You  can  practice  the  giving  of  supporting  and  contradicting  evidence  and 
reasons  for  any  controversial  topic.  Consider,  for  example,  capital 
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punishment.  By  filling  in  all  four  cells  below  and  providing  reasons  for  and 
against  capital  punishment,  you  will  have  to  think  about  both  sides  of  this 
controversial  issue.  It  should  help  you  to  defend  against  my-side  bias. 


Reasons  that  support 
the  conclusion 

Reasons  that  run 
counter  to  the 
conclusion 

A.  We  should  have 
capital  punishment. 

Reason  1 : 

Strength  of  Reason  1 : 
Reason  2: 

Strength  of  Reason  2: 

Reason  1 : 

Strength  of  Reason  1 : 
Reason  2: 

Strength  of  Reason  2: 

B.  We  should  NOT 
have  capital 
punishment. 

Reason  1 : 

Strength  of  Reason  1 : 
Reason  2: 

Strength  of  Reason  2: 

Reason  1 : 

Strength  of  Reason  1 : 
Reason  2: 

Strength  of  Reason  2: 

How  People  Reach  Different  Conclusions  from 
the  Same  Evidence 

The  problem  may  be  less  what  politicians  are  actually  saying,  but  rather 

how  their  words  are  heard  and  interpreted. 

— Martin  McKee  and  David  Stuckler  (para.  5,  2010) 

The  dramatic  increase  in  the  number  of  people  diagnosed  with  diabetes  is 
creating  a health  crisis  of  huge  proportions.  How  do  we  understand  the 
cause  of  diabetes,  and  what  actions  should  we  take  (collectively)  to  stem 
the  tide  of  increasing  numbers?  The  idea  that  people  prefer  reasons  and 
explanations  that  are  consistent  with  their  prior  beliefs — confirmation 
bias — appears  in  many  chapters  in  this  book  because  of  its  strong  and  ubiq- 
uitous effect  on  how  we  think.  In  a study  of  the  way  confirmation  bias 
operates,  researchers  (McKee  & Stuckler,  2010)  presented  people  with  po- 
litical affiliations  ranging  from  liberal  to  conservative  with  information 
about  diabetes.  There  were  four  conditions:  (a)  control  condition  in  which 
no  information  about  the  cause  of  diabetes  was  presented;  (b)  a condition 
that  discussed  its  genetic  basis;  (c)  a condition  that  discussed  the  way  indi- 
vidual life  choices  affect  diabetes;  and  (d)  a condition  that  discussed  how 
social  variables  can  affect  diabetes.  The  authors  found  that  people  with 
more  socially  oriented  political  beliefs  (i.e..  Democrats)  were  more  likely  to 
believe  that  social  determinants  were  important  in  causing  the  rise  in  dia- 
betes, regardless  of  which  version  they  read,  and  they  were  more  likely  to 
endorse  restrictions  on  junk  food  as  a way  of  reducing  the  diabetes  problem 
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than  those  with  more  individually  oriented  political  beliefs  (i.e.,  Republi- 
cans). In  other  words,  the  participants  in  this  study  used  their  preexisting 
biases  to  interpret  new  information  and  derived  conclusions  that  were 
consistent  with  their  preexisting  political  beliefs. 


Persuasion  and  Propaganda 


By  the  skillful  and  sustained  use  of  propaganda,  one  can  make  people 
see  even  heaven  as  hell,  or  an  extremely  wretched  life  as  paradise. 

—Adolf  Hitler  (1889-1945) 

Whenever  you  are  confronted  with  an  argument,  keep  in  mind  that  the 
material  you  are  reading  or  hearing  has  been  written  to  persuade  you  to  do 
something  or  to  believe  something.  Much  of  the  communication  that  you 
receive  is  concerned  with  getting  you  to  act  or  think  in  a certain  way.  Prat- 
kanis  and  Aronson  (1992)  define  propaganda  as  “mass  suggestion  or  in- 
fluence through  the  manipulation  of  symbols  and  the  psychology  of  the 
individual"  (p.  9).  This  broad  definition  is  applicable  to  a great  variety  of 
situations.  Propaganda,  like  beauty,  is  often  in  the  eye  of  the  beholder.  It 
does  not  require  that  the  information  be  false  or  misleading,  but  it  does  at 
least  imply  less  concern  for  truth  or  rigorous  argument  than  the  sort  of 
arguments  found  in  scholarly  journals  or  presented  by  independent  par- 
ties. It  may  distort  the  truth  or  alter  evidence.  Frequently,  the  information 
provided  is  charged  with  appeals  to  emotion  rather  than  reason,  and  coun- 
terarguments are  omitted  or  presented  in  a way  that  diminishes  their 
effectiveness. 

Arguments  were  most  frequently  used  to  persuade  Nazis  and  others  that 
millions  of  people  should  be  slaughtered,  but  there  were  other  propaganda 
techniques  that  Goebbels  used,  including  visual  images  and  threats  of  vio- 
lence, for  anyone  who  did  not  agree.  Although  other  techniques  are  con- 
sidered in  more  detail  later  in  this  chapter  and  in  other  chapters,  1 note 
here  the  particularly  blatant  ploy  of  showing  pictures  of  Jews  that  were  al- 
ternated with  pictures  of  rats  and  roaches,  so  that  viewers  would  come  to 
associate  certain  facial  features  that  are  common  in  many  Jews  with  dis- 
gusting rodents  and  bugs.  This  example  was  provided  in  Chapter  2 as  a type 
of  learning  known  as  classical  conditioning.  These  same  sorts  of  techniques 
have  been  used  to  promote  other  types  of  equally  horrific  genocide.  The 
propaganda  used  to  justify  slavery  and  lynchings  in  the  United  States,  the 
slaughter  of  Cambodians  in  Asia,  and  the  purges  by  Mao  Tse-Tung  in  China 
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and  Stalin  in  the  former  Soviet  Union  show  that  propaganda  has  been  used 
all  over  the  world  to  encourage  prejudice  and  killing.  For  examples,  how 
did  millions  of  Chinese,  in  the  last  century,  believe  that  Mao  was  their 
"loving  father"  when  he  was  responsible  for  the  death  of  millions  of  Chi- 
nese? Why  didn't  they  stop  to  consider  if  the  reasons  they  were  given  to 
support  this  Chinese  holocaust  (i.e.,  the  Cultural  Revolution)  were  not  ac- 
ceptable? Do  you  understand  Hitler's  now  infamous  quote,  "What  luck  for 
rulers  that  men  do  not  think"  (quoted  in  Byrne,  1988,  p.  359)? 


The  Psychology  of  Reasons 

Just  because  you  are  intelligent  or  have  great  knowledge  does  not  mean 
you  can  think  critically.  A profound  genius  may  have  the  most  irratio- 
nal of  beliefs  or  the  most  unreasonable  of  opinions.  Critical  thinking 
is  about  how  we  use  our  intelligence  and  knowledge  to  reach  objective 
and  rationale  viewpoints. 

— Greg  R.  Haskins  (2006,  p.  2) 

Warren  Buffet  is  one  of  the  richest  men  in  the  world.  Forbes  magazine 
listed  his  wealth  in  2012  at  $44  billion,  so  it  is  not  surprising  that  people 
turn  to  him  for  advice  about  how  to  make  money.  Here  is  a sampling  of  his 
advice  on  how  to  get  very,  very  rich.  His  first  comment  is  a theme  that  you 
have  read  before,  if  you  are  reading  the  chapters  in  this  book  in  order 
(Zweig,  2008;  paras.  5-6):  "i  tell  the  students  who  come  visit  me  that  if  you 
have  more  than  120  or  130  l.Q.  points,  you  can  afford  to  give  the  rest  away. 
You  do  not  need  extraordinary  intelligence  to  succeed  as  an  investor.  You 
need  a philosophy  and  the  ability  to  think  independently."  He  then  goes 
to  say:  "You  should  be  able  to  write  down  on  a yellow  sheet  of  paper,  'I'm 
buying  General  Motors  at  $22,  and  GM  has  [566]  million  shares  for  a total 
market  value  of  $13  billion,  and  GM  is  worth  a lot  more  than  $13  billion 

because ."  And  if  you  can't  finish  that  sentence,  then  you 

don't  buy  the  stock.  (Note  that  Buffett  mentioned  GM  for  illustrative  pur- 
poses only.)  So,  his  wisdom  is  that  you  don't  need  extraordinary  intelli- 
gence, but  you  do  need  to  have  good  reasons  for  your  investment  choices, 
in  other  words,  you  need  to  support  your  conclusion  with  good  evidence — 
you  need  to  know  how  to  make  a good  argument. 

You  probably  think  that  irrelevant  reasons  for  a conclusion  would  have  no 
effect  on  how  people  evaluate  a conclusion,  it  seems  that  this  should  be 
true  because  irrelevant  reasons  are,  well,  irrelevant.  But,  psychologically, 
irrelevant  reasons  often  influence  what  we  believe  and  how  we  act  even 
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though  logically,  they  should  not.  A study  of  consumer  decisions  showed 
that  irrelevant  reasons  in  support  of  a product  tend  to  weaken  support  for 
the  product  (Simonson,  Nowlis,  & Simonson,  1993).  For  example,  suppose 
that  you  are  a runner  who  is  looking  for  good  running  shoes.  As  a salesper- 
son, 1 tell  you  that  Adibok  brand  is  well  known  for  their  aerobic  shoes,  but 
they  also  make  good  running  shoes.  The  fact  that  they  are  well  known  for 
their  aerobic  shoes  should  be  irrelevant  to  the  selection  of  running  shoes, 
but  it  seems  to  work  against  this  hypothetical  brand.  Consumers  assume 
that  if  Adibok  is  good  at  making  aerobic  shoes,  then  it  is  less  good  at  mak- 
ing running  shoes.  Thus,  an  irrelevant  reason  in  support  of  this  brand  is 
psychologically  converted  into  a reason  against  this  brand. 


Explaining  as  Knowing 


"How  do  you  know  what  you  know?"  (Kuhn,  2001).  it  seems  that  most 
people  make  judgments  about  their  own  knowledge  by  thinking  about 
how  well  they  can  explain  a phenomenon.  For  example,  in  studies  of  how 
jurors  decide  on  the  guilt  or  innocence  of  a defendant,  researchers  found 
that  jurors  weave  a story  about  what  might  have  happened  at  the  scene  of 
a crime  and  then  decide  how  good  that  story  is.  This  mode  of  knowing  is 
often  labeled  "explaining."  Another  way  of  knowing  is  to  examine  the 
strength  of  the  evidence  that  supports  or  refutes  a particular  conclusion — 
this  is  known  as  argument  analysis.  Most  people  use  "explanations"  as  the 
primary  way  of  justifying  claims  (Rassin,  Eerland,  & Kuijpers,  2010).  Con- 
sider this  example: 

Which  is  the  stronger  argument? 

A.  Why  do  teenagers  start  smoking?  Smith  says  it's  because  they  see 
ads  that  make  smoking  look  attractive.  A good-looking  guy  in  neat 
clothes  with  a cigarette  in  his  mouth  is  someone  you  would  like  to 
be  like. 

B.  Why  do  teenagers  start  smoking?  Jones  says  it's  because  they  see 
ads  that  make  smoking  look  attractive.  When  cigarette  ads  were 
banned  from  TV,  smoking  went  down.  (Kuhn,  2001,  p.  4) 

Answer  A provides  an  explanation  that  links  smoking  and  teens  in  a way 
that  most  people  think  "makes  sense."  Answer  B provides  data,  albeit  lim- 
ited, that  links  smoking  and  advertisements.  The  alternative  that  provides 
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evidence  for  the  relationship  is  stronger  than  the  one  that  merely  explains, 
even  though  many  people  prefer  the  explanation.  There  are  many  plausi- 
ble explanations  that  could  be  generated,  and  without  evidence  (i.e.,  data) 
there  is  no  good  way  to  choose  between  them.  Far  too  many  people  are 
very  confident  in  their  knowledge  of  something  and  very  wrong.  Think 
about  your  own  understanding.  How  do  you  know  about  the  nature  of  the 
world?  This  is  not  meant  to  be  an  idle  navel-gazing  question.  If  you  can 
develop  the  disposition  to  look  for  evidence  instead  of  relying  on  an  expla- 
nation that  “just  seems  right,"  you  will  make  large  gains  in  critical 
thinking. 

It  is  important  to  understand  that  people  are  quite  confident  in  their 
knowledge  because  it  makes  sense  to  them,  but  "making  sense"  is  a poor 
measure  of  the  quality  of  your  knowing.  Sometimes,  it  is  difficult  to  under- 
stand why  data  should  be  preferable  to  explanation.  Consider  these  two 
examples:  (1)  During  World  War  11,  many  Germans  refused  to  believe  that 
the  German  army  burned  an  entire  village  in  Poland  as  they  were  retreating 
from  the  Soviet  front.  They  refused  to  believe  it  because  the  massacre  did 
not  make  sense.  Why  should  the  German  troops  slaughter  innocent  people 
in  Poland?  In  fact,  historical  records  (eye  witness  accounts,  physical  evi- 
dence, written  accounts,  etc.)  clearly  show  that  this  is  what  happened — the 
village  was  destroyed  by  frustrated  German  troops  who  were  seeking  re- 
venge for  their  humiliating  loss.  The  evidence  is  more  compelling  than  the 
"make  sense"  explanation.  It  is  important  that  we  learn  to  value  evidence 
when  formulating  conclusions.  The  use  of  data  is  a critical  part  of  critical 
thinking. 

The  preference  for  explanations  over  evidence  is  just  one  of  many  ways 
that  thinking  can  "go  wrong."  In  the  next  section,  we  consider  other  com- 
mon ways  that  thinking  can  go  astray.  Unsound  reasoning  techniques  used 
for  the  purpose  of  persuasion  are  called  fallacies.  As  you  go  through  the  list 
of  fallacies  presented  in  the  next  section,  you  can  classify  each  as  violating 
one  or  more  of  the  criteria  for  sound  arguments — (a)  the  premises  are  unac- 
ceptable, (b)  the  premises  are  unrelated  to  the  conclusion  or  (c)  are  incon- 
sistent, (d)  the  expert  is  not  credible,  or  (e)  important  information  is 
missing. 

It  is  impossible  to  list  every  fallacy  that  has  been  employed  to  change  how 
people  think.  The  list  would  be  too  long  to  be  useful,  with  only  subtle  dif- 
ferences between  several  of  the  techniques.  Accordingly,  only  the  most 
common  and  representative  techniques  are  discussed.  If  you  understand 


268  Analyzing  Arguments 


how  fallacies  work  in  general,  you'll  be  better  prepared  to  recognize  and 
defend  against  them.  Toulmin,  Rieke,  and  Janik  (1979)  call  the  ability  to 
recognize  fallacies  "a  kind  of  sensitivity  training"  because  they  train  the 
reader  to  be  sensitive  to  common  tricks  of  persuasion. 


Twenty-One  Common  Fallacies 
1.  Association  Effects 

One  of  the  oldest  principles  in  psychology  is  the  notion  that  if  two  events 
occur  close  together  in  time  and/or  space,  the  mind  will  form  an  associa- 
tion between  them.  Thereafter,  when  one  occurs,  the  other  is  expected  to 
occur.  This  principle  has  become  widely  used  in  the  political  arena,  espe- 
cially to  create  guilt  by  association.  Suppose  you  read  in  the  newspaper 
that  a violent  mass  murderer  endorsed  a presidential  candidate.  This  en- 
dorsement would  be  detrimental  to  the  candidate,  even  if  she  did  not  de- 
sire it  and  did  nothing  to  promote  it. 

A classic  example  of  the  propagandistic  use  of  association  came  from  a 
political  speech  (so  many  great  examples  in  political  speeches)  in  which  a 
United  States  Congressman  attacked  the  record  of  a gubernatorial  candi- 
date by  stating  that  this  candidate  would  not  fight  for  the  concerns  of 
people  who  live  in  cities  because  he  grew  up  "in  a chicken  shack  on  Duck 
Run"  (quoted  in  Pickrell,  2010).  The  underlying  argument  was  that  this 
candidate  was  associated  with  rural  areas  (with  negative  imagery  about 
rural  areas)  and  therefore  he  would  not  care  about  the  cities  in  his  state.  He 
may  or  may  not  care  about  the  cities  in  his  state,  but  is  it  reasonable  to 
conclude  that  he  would  not  because  he  grew  up  in  a rural  area?  Are  there 
any  behaviors  or  statements  that  this  candidate  made  that  would  support 
that  conclusion?  In  this  example,  the  answer  is  no.  (Note  also  the  use  of 
the  emotion  laden  phrase  "chicken  shack.")  Whenever  you  see  examples  of 
associations  with  no  justifiable  connection  like  this  one,  be  wary  of  the  rest 
of  the  message.  It  is  likely  to  contain  an  appeal  to  your  emotions  rather 
than  to  your  cognition. 

Just  as  one  can  have  guilt  by  association,  it  is  also  possible  to  have  virtue 
by  association.  In  this  instance,  the  names  or  label  attached  to  the  per- 
son are  "good"  ones.  Perhaps  this  is  why  certain  political  offices  tend  to 
run  in  families.  People  expected  the  Kennedy  brothers  to  be  similar  as  poli- 
ticians because  of  their  obvious  association  with  each  other  or  that  the 
Bush  children  will  be  similar  to  their  father,  former  president  George  Bush, 
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Sr.  This  expectation  is  being  passed  onto  the  children  and  other  relatives  of 
political  figures,  many  of  whom  are  now  involved  in  or  considering  politi- 
cal careers.  Would  you  vote  for  or  against  an  unknown  Kennedy  or  Bush  or 
some  other  politician  simply  because  he  or  she  is  from  the  same  family  as 
a former  politician? 

A wary  recipient  of  messages  that  rely  on  association  will  ask  about  the 
nature  of  the  association.  If  a candidate  is  a leader  of  the  Ku  Klux  Klan, 
then  associating  the  doctrine  of  the  Klan  with  this  individual  is  reasonable. 
If,  on  the  other  hand,  a friend  of  the  candidate's  mother  is  a member  of  the 
Klan,  the  association  is  ludicrous. 

Why  would  a supporter  of  a U.S.  President  (Obama)  suggest  that  he  stop 
using  a nicotine  gum  that  helps  him  stop  smoking  and  go  back  to  the  real 
thing  (Horwitz,  2008)7  Can  you  guess  the  answer?  Consider  the  demo- 
graphics of  smokers  in  America.  Americans  who  earn  between  $24,000  and 
$36,000  a year  are  twice  as  likely  to  smoke  cigarettes  as  those  who  earn 
more  than  $90,000  a year.  According  to  Horwitz  (2008,  para.  5):  "Bottom 
line:  small-towners  in  the  Rust  Belt  and  Appalachia  don't  cling  to  guns  and 
religion  so  much  as  they  do  cigarettes."  By  smoking  in  public,  any  candi- 
date would  be  signaling  that  he  is  similar  to  this  group  of  people  and  the 
similarity  should  help  him  at  the  polls  and  in  general  approval  ratings. 
What  do  you  think?  Would  a political  candidate  become  more  popular 
among  voters  who  smoke  if  he  also  smoked  publicly? 


2.  Arguments  against  the  Person 

Arguments  against  the  person  is  the  formal  term  for  name  calling  or, 
in  its  Latin  form,  argumentum  ad  hominem.  This  form  of  persuasion  or 
propaganda  attacks  the  people  who  support  a cause,  and  not  the  cause 
itself.  From  the  standpoint  of  argument  analysis,  the  personal  attack  is  ir- 
relevant to  the  conclusion.  For  example,  the  Nazis  believed  that  the  theory 
of  relativity  was  wrong  because  its  discoverer  was  a Jew  named  Albert  Ein- 
stein. They  never  considered  the  evidence  for  or  against  the  theory,  just  the 
religion  of  its  originator.  It  is  basically  another  form  of  the  association  ef- 
fect. In  this  case,  the  association  that  is  being  made  is  between  an  idea  and 
a person.  The  underlying  principle  is  that  if  you  don't  like  the  person  who 
supports  an  idea,  then  you  should  also  oppose  the  idea  itself  because  the 
idea  and  the  person  are  associated. 
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Suppose  you  were  serving  on  a jury  that  had  to  decide  which  of  two  wit- 
nesses was  telling  the  truth.  Would  you  be  swayed  if  one  attorney  told  you 
to  disregard  one  man's  testimony  because  he  had  been  divorced  twice? 
Presumably  not,  because  the  man's  marital  status  is  irrelevant  to  the  issue. 
Suppose  you  were  told  that  one  of  the  men  had  two  previous  convictions 
for  lying  to  a jury.  Would  this  argument  against  the  person  be  relevant? 
1 would  think  so.  In  this  case,  the  information  provided  about  the  witness 
is  relevant  to  the  question  of  whether  he  is  lying.  Consider  the  strength 
and  relevance  of  the  argument  and  the  purpose  for  which  it  is  used,  and 
don't  be  misled  by  irrelevant  attacks  on  the  supporters  or  detractors  of  any 
position. 


3.  Appeals  to  Pity 

Logical  reasoning  is  set  adrift  on  a sea  of  emotions. 

— Hans  Bluedorn  (2008,  para.  4) 

An  appeal  to  pity  is  easy  to  spot.  Appeals  to  pity  are  often  found  in  legal 
pleadings.  A defendant's  poor  background  or  turbulent  home  life  will  often 
be  brought  up  during  a trial.  These  appeals  to  pity  have  nothing  to  do  with 
the  question  of  whether  a defendant  is  guilty  or  innocent,  although  they 
may  be  persuasive  appeals  for  leniency  in  sentencing  if  the  defendant  is 
found  guilty.  Sometimes,  students  use  appeals  to  pity  when  attempting  to 
persuade  a teacher  to  raise  a low  grade.  The  grade  is  assigned  on  the  quality 
of  the  work  that  is  done,  but  students  sometimes  argue  that  if  they  work 
hard  (or  some  other  sad  reason),  the  work  should  be  graded  higher  than 
comparable  work  by  someone  who  did  not  work  as  hard. 


4.  Popularity  and  Testimonials 

The  popularity  technique  (also  known  as  the  "bandwagon")  relies  on  the 
need  for  conformity  for  its  persuasive  power.  It  is  persuasive  because  it  ex- 
plains that  everyone  supports  a position  or  buys  a certain  product.  It  is 
expected  that  the  recipients  of  the  message  will  adopt  the  belief  or  buy  the 
product  in  order  to  feel  as  if  she  or  he  belongs  to  the  groups  mentioned. 
Implicitly,  the  message  is,  "if  everyone  is  doing  it,  it  must  be  right." 

A variation  of  the  popularity  technique  is  testimonials.  Respected  politi- 
cians or  movie  stars  endorse  a belief  or  product.  It  is  believed  that  people 
will  want  to  be  similar  to  the  people  they  respect,  so  they  will  choose  to 
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Calvin  and  Hobbes 


by  Bill  Watterson 
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Calvin  and  Hobbes  by  Bill  Watterson.  Used  with  permission  by  Universal  Press  Syndicate. 


use  the  same  deodorant  or  foot  powder  or  support  the  same  causes.  The 
recipients  of  testimonials  are  expected  to  infer  a conclusion  from  the  in- 
formation stated.  It  is  expected  that  they  will  reason  along  these  lines: 
Christie  Brinkley  is  a gorgeous  model  with  very  few  wrinkles.  She  uses  the 
advertised  heauty  product.  If  1 use  this  heauty  product,  like  Christie  Brin- 
kley, 1 will  have  very  few  wrinkles.  Of  course,  this  conclusion  does  not 
follow  from  the  first  two  sentences,  but  many  people  believe  that  it  does 
or,  at  least  implicitly,  that  it  might.  This  fallacy  is  worsened  when  the  tes- 
timonial is  not  even  in  the  area  in  which  the  personality  has  expertise. 
Christie  Brinkley  also  endorses  a national  newspaper.  As  far  as  1 know,  this 
is  an  area  in  which  she  has  no  expertise.  She  is  not  a credible  expert  in  the 
area  of  journalistic  quality.  Yet,  advertisements  like  these  do  sell 
products. 

Sometimes,  however,  the  popularity  technique  and  testimonials  can  be 
valid  persuasive  techniques.  If,  for  example,  all  of  the  members  of  an  unbi- 
ased expert  panel  established  to  study  the  effects  of  a drug  decide  that  it  is 
unsafe,  1 would  consider  this  information  relevant  to  the  question  of  the 
drug's  safety  because  it  passes  the  test  of  credibility.  Similarly,  if  a leading 
educator  endorses  a reading  text,  this  might  properly  have  an  impact  on 
your  evaluation  of  the  text.  Both  of  these  examples  presume  that  the  "ex- 
perts" have  no  personal  motives  for  their  endorsements — that  is,  they're 
not  being  paid  for  saying  these  things,  and  their  expertise  is  relevant  to  the 
position  or  product  that  they're  supporting.  In  this  case,  they  are  credible 
sources  of  information. 
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5.  False  Dichotomy 

Don't  give  him  two  sides  to  a question  to  worry  him. 

Give  him  one; 

better  yet,  give  him  none! 

— Ray  Bradbury  (Farenheit  451,  1950) 

There  are  very  few  political  or  social  decisions  that  have  simple  answers  or 
that  can  be  solved  with  simple  choices.  Yet,  simple  slogans  are  the  proto- 
type or  most  common  and  representative  form  of  persuasive  techniques. 
False  dichotomy  is  sometimes  called  simplification  or  the  Black  or 
White  Fallacy  because  readers  are  asked  to  decide  between  two  positions, 
without  allowing  other  alternatives  or  "gray  areas"  that  would  combine 
aspects  of  both  choices. 

The  following  question  appeared  in  a questionnaire  that  was  sent  by  an 
assemblyman  to  his  constituents  ("Assemblyman  Montjoy  Needs  Your 
Views,"  2001): 


Would  you  prefer  that  government  cut  spending  or  increase  taxes? 

Does  this  question  bother  you?  It  should.  The  answers  to  our  fiscal  prob- 
lems are  not  this  simple.  You  should  ask  where  and  how  the  cuts  would  be 
made  and  how  and  how  much  taxes  would  be  increased.  Perhaps  "cuts" 
could  be  combined  with  small  or  temporary  increases  in  taxes.  Can  you 
guess  which  answer  the  Assemblyman  prefers?  Given  this  choice,  1 believe 
that  most  people  would  prefer  to  "cut  spending,"  yet,  for  many,  an  entirely 
different  response  would  result  from  a question  that  was  worded 
differently. 

It  does  seem  that  people  engage  in  black  or  white  thinking  when  they  think 
about  political  issues.  Bill  O'Reilly  (2006),  a political  commentator  for  Fox 
television,  which  is  generally  acknowledged  as  having  a conservative  bias, 
claims  that  there  are  two  kinds  of  Americans:  people  like  him,  who  love  and 
cherish  traditional  values,  and  "secular  progressives."  Dividing  Americans 
into  two  types — good  ones  like  me  and  bad  ones  who  want  to  change  Amer- 
ica for  the  worse — is  a good  example  of  a false  dichotomy.  People  vary  along 
multiple  dimensions  and  cannot  be  classified  into  one  of  two  categories. 

When  you  are  faced  with  a false  dichotomy  or  the  simplification  of  a com- 
plex issue,  do  not  ask  yourself  if  the  ideas  are  good  or  bad.  Ask  instead  what 
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is  good  about  the  ideas  and  what  is  bad  about  them.  Consider  other  alter- 
natives and  combinations  of  ideas.  Remember  that  one  of  the  steps  in  ana- 
lyzing arguments  calls  for  supplying  missing  components — omitted 
premises,  assumptions,  qualifiers,  and  counterarguments. 


6.  Appeals  to  Pride  or  Snobbery 

Speech  was  given  to  man  to  disguise  his  thoughts. 

— ^Talleyrand  (1754-1838;  quoted  in  Macmillan,  1989,  p.  544) 

An  appeal  to  pride  or  snobbery  usually  involves  praise  or  flattery. 
A blatant  and  humorous  example  can  be  found  in  an  advertisement  that  was 
mailed  to  me  at  home.  (Notice  that  it  begins  with  my  name,  a sure  attention- 
getting  technique.) 


Dear  Dr.  Halpern, 

You  may  just  be  the  solution. 

Here  is  the  problem:  How  do  you  find  the  right  subscribers  for  an 
extraordinary  magazine  that  is  about  to  be  published — BUT,  a magazine 
that  isn't  for  everyone?  A magazine  that  is,  in  fact,  for  only  a handful 
of  bright,  literate  people,  people  who  still  in  this  world  of  instant  com- 
munication love  to  sit  down  with  a good  book. 

1 would  love  to  believe  that  the  publishers  know  me  personally  and  have 
written  a magazine  just  for  the  kind  of  person  1 would  like  to  be.  The  truth 
is,  this  letter  went  to  tens  of  thousands  of  people  whose  names  were 
bought  as  part  of  various  mailing  lists.  Clearly,  they  are  attempting  to  per- 
suade me  to  purchase  their  magazine  by  appealing  to  my  pride  or  snobbery. 
In  its  skeletal  form,  that  message  says  that  if  there  is  a group  that  1 want  to 
belong  to  (in  this  case,  bright,  literate  people,  but  it  could  be  any  group), 
then  1 should  buy  X (in  this  case  a magazine). 


7.  Card  Stacking  or  Suppressed  Information 

Card  stacking  or  suppressed  information  operates  as  a persuasive  tech- 
nique by  omitting  information  that  supports  the  unfavored  view.  An  auto- 
mobile company  recently  compared  the  car  they  were  advertising  on 
television  with  a competitor.  The  advertisers  stressed  that  their  car  got  bet- 
ter mileage  and  cost  less.  What  about  the  variables  they  omitted?  Which 
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car  needed  fewer  repairs,  had  the  more  comfortable  seating,  or  accelerated 
better?  What  about  other  makes  of  cars?  When  considering  persuasive  in- 
formation, be  sure  to  consider  what  has  not  been  stated  along  with  the 
stated  claims.  This  is  another  example  of  the  need  to  consider  the  missing 
components  in  an  argument. 


8.  Circular  Reasoning 

In  circular  reasoning,  the  premise  is  simply  a restatement  of  the  conclu- 
sion. If  you  were  to  diagram  the  structure  of  this  sort  of  argument,  you 
would  get  a circle  because  the  support  for  the  conclusion  is  a restatement 
of  the  conclusion.  Here  is  an  example  of  circular  reasoning: 

We  need  to  raise  the  speed  limit  because  the  current  legal  speed  is  too  slow. 

In  this  example,  the  reason  given  (current  speed  is  too  slow)  is  just  another 
way  of  saying  that  we  need  to  raise  the  speed  limit.  It  does  not  support  the 
conclusion.  The  conclusion  would  be  supported  with  premises  such  as  the 
assertion  that  there  has  been  no  change  in  the  number  or  severity  of  auto- 
mobile accidents  with  a lower  speed  limit  or  some  similar  statement  that 
supports  this  conclusion. 


9.  Irrelevant  Reasons 

Arguments  that  utilize  irrelevant  reasons  are  fairly  common.  The  Latin 
word  for  this  sort  of  fallacy  is  non  sequitur,  which  literally  translates  to  "it 
doesn't  follow."  In  other  words,  the  reason  or  premise  is  unrelated  to  the 
conclusion.  Of  course,  you  recognize  the  importance  of  having  relevant 
premises  as  one  of  the  criteria  for  sound  arguments.  (If  you  do  not,  go  back 
over  the  section  of  evaluating  the  quality  of  an  argument.) 

One  example  that  comes  to  mind  is  a statement  that  a faculty  member 
made  at  a curriculum  committee  meeting  in  which  we  were  discussing 
whether  we  should  require  every  student  to  take  classes  in  a foreign  lan- 
guage. The  faculty  member  in  favor  of  this  proposal  made  this  statement: 
"We  should  require  every  student  to  study  a foreign  language  because  it  is 
important  that  we  provide  our  students  with  a quality  education."  Look 
carefully  at  the  conclusion  and  the  premise.  Is  the  premise  related  to  the 
conclusion?  Everyone  on  the  curriculum  committee  believed  that  all  stu- 
dents should  receive  a quality  education,  but  the  issue  was  whether  all 


Analyzing  Arguments  275 


students  should  be  required  to  study  a foreign  language.  There  were  no 
reasons  given  as  to  why  studying  a foreign  language  should  be  a required 
part  of  a quality  education.  The  conclusion  did  not  follow  from  the  reason 
that  was  given. 


7 0.  Slippery  Slope  or  Continuum 

The  slippery  slope  fallacy  is  best  described  by  an  example.  One  of  the 
arguments  against  court-ordered  desegregation  of  the  schools  was  that  if 
we  allow  the  court  to  determine  which  public  schools  our  children  will  at- 
tend, the  court  will  also  tell  us  whom  we  have  to  allow  into  our  churches, 
whom  we  have  to  invite  into  our  homes,  and  even  whom  we  should  marry. 
In  this  example,  the  action  (court-ordered  desegregation)  lies  on  a contin- 
uum with  the  court  ordering  of  whom  we  should  marry  at  an  extreme  end. 
The  argument  being  made  is  that  if  we  allow  the  court  to  have  jurisdiction 
over  events  at  one  end  of  the  continuum,  then  it  will  take  over  the  other 
events  on  the  continuum.  For  this  reason,  this  fallacy  is  called  either  slip- 
pery slope  (once  you  start  sliding  down  a slope  you  can't  stop)  or  the  fal- 
lacy of  continuum. 

Most  life  events  can  be  placed  along  a continuum.  It  does  not  necessarily 
follow  that  actions  concerning  some  part  of  the  continuum  will  also  apply 
to  other  portions  of  the  continuum.  Let's  consider  a second  example.  There 
are  many  arguments  being  made  for  and  against  same-sex  marriages.  One 
of  the  arguments  against  it  is  that  if  we  allow  same-sex  couples  to  marry, 
we  will  then  allow  groups  of  people  to  marry,  and  then  people  can  marry 
their  animals,  and  so  on.  This  sort  of  thinking  does  not  take  into  account 
the  fact  that  processes  can  be  stopped,  and  it  does  not  make  a qualitative 
distinction  between  two  people  marrying,  groups  of  people  marrying,  or 
marrying  an  animal.  A more  colorful  name  for  this  fallacy  is  "the  camel's 
nose  in  the  tent."  It  is  based  on  the  idea  that  if  we  let  a camel  stick  its  nose 
in  the  tent  on  a cold  night,  the  rest  of  the  camel  will  soon  follow  and  you 
will  have  large  smelly  camel  in  your  tent. 


7 7.  Straw  Person 

A straw  person  is  weak  and  easy  to  knock  down.  With  a straw  person 
argument,  a very  weak  form  of  an  opponent's  argument  is  set  up  and  then 
knocked  down.  It  occurs  when  an  opponent  to  a particular  conclusion 
distorts  the  argument  in  support  of  the  conclusion  and  substitutes  one  that 
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is  much  weaker.  For  example,  in  a discussion  about  whether  students 
should  be  evaluating  their  professors,  one  opponent  to  this  idea  offered 
this  straw  person  argument:  "You  say  that  students'  evaluations  of  their 
professors  should  be  included  in  decisions  about  which  professors  we 
should  be  promoting.  Well,  1 certainly  don't  think  that  the  decision  as  to 
which  professors  get  promoted  should  be  made  by  students."  Notice  how 
the  original  argument  that  "student  evaluations  should  be  included  in  the 
decision-making  process"  was  changed  to  "students  should  not  be  deciding 
which  professors  get  promoted."  The  original  argument  was  for  student 
evaluations  to  be  part  of  the  criteria  used  in  the  decision-making  process. 
This  is  not  the  same  as  having  students  actually  make  the  decisions.  In  its 
changed  form,  the  argument  is  easier  to  knock  down,  just  like  a straw 
person. 


12.  Part-Whole  Fallacies 

Part-whole  fallacies  are  flip  sides  of  the  same  error.  A part-whole  fallacy  is 
made  whenever  a speaker  or  writer  assumes  that  whatever  is  true  of  the 
whole  is  also  true  of  all  of  its  parts,  and  whatever  is  true  of  the  parts  is  also 
true  of  the  whole.  Consider  some  outstanding,  prestigious  university.  (Are 
you  thinking  about  your  own  school?)  As  a whole,  the  student  body  is 
highly  intelligent,  but  it  would  be  wrong  to  believe  that  every  student  who 
attends  that  university  is  therefore  highly  intelligent. 


73.  Appeals  to  Ignorance 

The  peculiar  thing  about  appeals  to  ignorance  is  that  they  can  often  be 
used  to  support  two  or  more  totally  different  conclusions.  This  should  be  a 
clue  to  you  that  the  reasoning  involved  is  fallacious.  In  appeals  to  igno- 
rance, the  premise  involves  something  we  don't  know.  Our  ignorance  is 
being  used  to  argue  that  since  there  is  no  evidence  to  support  a conclusion, 
the  conclusion  must  be  wrong.  Our  ignorance  of  a topic  can  also  be  used 
to  support  a conclusion  by  stating  that  since  there  is  no  evidence  that  con- 
tradicts it,  the  conclusion  must  be  right.  1 have  heard  both  sides  argue  this 
way  in  a debate  on  the  existence  of  God.  Believers  have  argued  that  since 
no  one  can  prove  that  God  doesn't  exist.  He  therefore  must  exist.  Nonbe- 
lievers have  argued  that  since  no  one  can  prove  that  God  exists.  He  there- 
fore doesn't  exist.  The  absence  of  evidence  doesn't  support  any  conclusion. 
The  absence  of  evidence  for  one  conclusion  is  not  evidence  for  another 
conclusion. 
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14.  Weak  and  Inappropriate  Analogies 

The  topic  of  analogies  was  presented  in  the  chapter  “The  Relationship  be- 
tween Thought  and  Language."  It  also  appears  later  in  the  book  in  the 
chapters  on  problem  solving  and  creativity.  Analogies  are  a basic  thinking 
skill.  We  use  analogies  whenever  we  encounter  something  new  and  try  to 
understand  it  by  reference  to  something  we  already  know.  Although  analo- 
gies can  be  extremely  useful  aids  to  comprehension,  they  can  also  be  mis- 
used. Two  objects  or  events  are  analogous  when  they  share  certain 
properties.  When  we  argue  with  analogies,  we  conclude  that  what  is  true 
of  one  object  or  event  is  true  of  the  other. 


75.  Appeals  to  Authority 

Despite  the  fact  that  most  people  say  they  take  TV  or  Internet  reports 
with  a grain  of  salt,  few  actually  do.  There's  something  deeply  compel- 
ling about  hearing  a claim  from  an  authoritative  source;  we  all  have  a 
voice  in  the  back  of  our  heads  that  wants  the  new  claim  to  be  true,  and 
this  desire  gets  confirmed  by  the  belief  that  the  story  wouldn't  have 
made  it  all  the  way  to  the  TV  news  without  having  been  pretty  well 
substantiated.  What  are  you  going  to  do? 

— Brian  Dunning  (2011,  para.  5) 

I already  introduced  this  fallacy  in  an  informal  way  earlier  in  this  chapter 
when  I discussed  expert  credibility.  Much  of  what  we  know  and  believe  is 
based  on  what  we  learn  from  authorities.  The  fallacy  of  appeals  to  au- 
thority occurs  when  the  authority  we  use  to  support  the  premises  in  an 
argument  is  the  wrong  authority.  If  I wanted  to  sell  you  a stereo,  it  would 
be  valid  if  I quoted  from  an  article  on  stereos  written  by  a professor  of  acous- 
tics (who  is  an  independent  authority).  It  would  be  a fallacious  appeal  if  I 
told  you  that  Kobe  Bryant  (a  basketball  star)  called  it  the  best  stereo  system 
he  had  ever  seen.  Thus,  the  fallacy  is  not  in  appealing  to  an  authority  on  a 
topic,  but  to  appealing  to  someone  who  is  not  a credible  authority. 


16.  Incomplete  Comparisons 

"More  doctors  agree  that  Dopeys  can  give  you  the  fastest  pain  relief."  Ad- 
vertisements like  this  one  are  so  common,  that  it  is  almost  impossible  to 
open  a magazine  without  seeing  one.  Two  different  comparisons  are  made 
in  this  statement  and  both  are  incomplete.  Whenever  you  see  comparative 
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terms,  ask  yourself  "more  than  what?",  "fastest  compared  to  what?" 
Incomplete  comparisons  are  missing  the  other  half  of  the  equation. 


77.  Knowing  the  Unknowable 

Sometimes  we  are  given  information  that  is  impossible  to  know.  This  is  the 
fallacy  of  knowing  the  nnknowable.  Suppose  you  read  in  the  newspa- 
pers that  we  need  to  increase  the  size  of  the  police  force  because  the  num- 
ber of  unreported  rapes  has  increased  dramatically.  A little  alarm  should  go 
off  when  you  read  this:  How  can  anyone  know  about  the  number  of  unre- 
ported rapes?  i don't  doubt  that  many  rapes  are  not  reported  to  the  police 
or  that  this  is  an  important  issue.  What  is  at  question  is  the  increase  or 
decrease  in  the  number  when  the  actual  number  is  unknowable. 


18.  False  Cause 

The  fallacy  of  false  cause  is  discussed  more  completely  in  the  chapter 
"Thinking  as  Hypothesis  Testing",  but  it  is  also  important  to  discuss  in  the 
context  of  reasoning  fallacies.  The  fallacy  of  false  cause  occurs  whenever 
someone  argues  that  because  two  events  occur  together,  or  one  follows  the 
other  closely  in  time,  that  one  caused  the  other  to  occur.  For  example, 
consider  the  finding  that  as  the  number  of  churches  increases  in  a city,  so 
does  the  number  of  prostitutes.  It  would  be  false  to  conclude  that  churches 
cause  an  increase  in  prostitution  or  that  prostitutes  cause  more  churches  to 
be  built.  In  fact,  as  the  size  of  a city  increases  so  does  the  number  of 
churches  and  the  number  of  prostitutes,  as  well  as  the  number  of  schools, 
dry  cleaners,  volunteer  agencies,  and  so  on.  Neither  of  them  caused  any  of 
the  others.  They  all  resulted  from  a third  factor — in  this  case,  an  increase 
in  population.  Of  course,  it  is  possible  that  one  variable  did  cause  the  other 
to  occur,  but  more  than  co-occurrence  is  needed  to  justify  a causal  claim. 


1 9.  Put  Downs 

Only  a fool  would  endorse  this  candidate!  No  patriotic  American  would 
disagree!  You'd  have  to  be  stupid  to  believe  that!  These  are  all  examples  of 
put  downs  (also  known  as  belittling  the  opposition).  An  opposing  view- 
point is  belittled  so  that  agreeing  with  it  would  put  you  in  the  class  of 
people  who  are  fools,  or  unpatriotic,  or  stupid.  This  technique  is  not  so 
much  a reasoning  fallacy  as  it  is  an  emotional  appeal  or  dare. 
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20.  Appeals  to  Tradition 

"That's  the  way  we've  always  done  it."  Anyone  who  has  tried  to  change  a 
policy  has  heard  this  sentence  or  its  variant,  "if  it  ain't  broke,  don't  fix  it." 
in  appeals  to  tradition,  the  unstated  assumption  is  that  what  exists  is 
best,  it  may  be  true  that  current  policy  is  better  than  some  suggested 
change,  but  it  also  may  not  be  true.  There  is  nothing  inherent  in  the  fact 
that  "that's  the  way  we've  always  done  it"  that  makes  it  a good  or  best  way 
to  accomplish  an  objective.  One  of  the  attitudes  of  a critical  thinker  that 
was  presented  in  the  first  chapter  is  flexibility.  Appeals  to  tradition  deny 
the  possibility  that  a different  way  may  be  an  improvement. 


21.  False  Charge  of  Fallacy 

That's  a fallacy!  it  seems  that  after  some  people  learn  to  recognize  fallacious 
reasoning,  they  then  label  everything  that  anyone  says  as  a fallacy  (Levi, 
1991).  Not  every  statement  is  a fallacy.  The  idea  of  critical  thinking  is  to 
develop  an  amiable  skepticism,  not  a cynical  view  that  everything  and 
everyone  is  false,  it  is  important  to  know  when  to  accept  some  statements 
as  acceptable  as  it  is  to  know  when  and  what  to  question. 


Distinguishing  between  Opinion,  Reasoned  Judgment, 
and  Fact 

Compare  the  following  three  statements. 

Lady  Gaga  is  a great  singer. 

Lady  Gaga  is  a great  singer  because  she  can  sing  a wider  variety  of  songs 
than  any  other  contemporary  artist. 

Lady  Gaga  is  a great  singer  with  several  different  songs  at  the  top  of  the 
chart  and  albums  that  have  gone  platinum. 

in  the  first  example,  1 have  expressed  an  opinion,  it  is  a simple  assertion  of 
a preference.  1 like  it;  1 think  it  is  best.  No  reasons  were  given  to  support  the 
evaluation.  Opinion  reflects  how  an  individual  or  group  has  assessed  a posi- 
tion or  product — e.g.,  "Vote  for  Max  Lake;  he's  the  best  man  for  the  job!" 

The  second  example  also  expresses  a preference,  but  in  this  example,  the 
preference  is  supported  a reason.  1 like  X because  Y.  This  is  an  example  of 
reasoned  judgment.  Other  examples  of  reasoned  judgment  are  provided 
throughout  the  chapter. 
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The  third  statement  concerns  factual  claims.  Facts  have  a verifiable  truth 
value — e.g.,  Gravel-Os  breakfast  cereal  has  100%  of  the  recommended  daily 
requirement  of  iron.  Although  I cannot  personally  check  the  truth-value  of 
these  facts,  a credible  authority  (e.g.,  the  Food  and  Drug  Administration) 
has  verified  these  claims  for  me.  Often,  the  distinction  between  fact,  opin- 
ion, and  reasoned  judgment  is  a fine  one.  If  we  say  that  Gravel-Os  is  a good 
cereal  because  it  has  100%  of  the  recommended  daily  requirement  of  iron, 
this  is  a reasoned  judgment  based,  in  part,  on  the  unstated  assumption  that 
it  is  good  to  eat  cereals  that  contain  100%  of  the  recommended  daily  re- 
quirement of  iron.  The  distinction  becomes  even  more  difficult  when  you 
recall  that  opinions  can  serve  as  the  premises  (reasons)  in  an  argument. 
Thus,  when  1 say  that  Gravel-Os  is  a good  cereal  because  1 like  its  nutty 
taste,  1 have  a reason  to  support  my  conclusion.  If  1 were  to  add  that 
Gravel-Os  is  a good  cereal  because  1 like  its  nutty  taste  and  it  supplies  all  of 
my  iron  needs  for  the  day,  the  strength  of  my  argument  is  increased. 

"Pure"  facts  that  are  untainted  by  opinion  are  often  hard  to  find.  Take,  for 
example,  your  daily  newspaper.  Although  news  reporters  are  obligated  to  pro- 
vide readers  with  facts,  their  opinions  certainly  color  what  they  report  and 
how  they  report  it.  Compare  the  way  two  different  newspapers  cover  the  same 
story.  One  newspaper  could  make  it  the  headline  on  page  one,  thus  making  it 
important  news  that  will  be  read  by  many,  whereas  the  other  could  place  it  in 
an  inside  section  in  smaller  print,  thus  making  sure  that  fewer  people  will  read 
the  story.  Look  at  the  words  used  to  convey  the  same  story. 

Most  news  media  (news  magazines,  newspapers,  television  news)  are  biased 
toward  providing  information  that  "sells."  The  news  media  often  treat 
complex  issues  in  a very  simplistic  manner  with  a heavy  emphasis  on  con- 
troversies because  they  are  more  interesting  than  agreements.  The  usual 
rules  of  scientific  evidence  and  reasoning  often  are  abandoned  in  the  news 
media  where  deadlines  determine  the  news  you  get  and  interest  value  can 
drive  content.  The  distinction  between  fact  and  opinion  is  becoming  in- 
creasingly difficult  to  discern.  How  much  of  reality  television  is  real?  The 
fuzzy  distinction  between  the  real  and  unreal  gets  even  more  difficult  now 
that  "virtual  reality"  computer  programs  are  available  and  rival  "real  real- 
ity." It  is  a brave,  new  world  that  we  are  entering — one  that  makes  critical 
thinking  more  necessary  than  ever. 

It  has  been  said  that  there  is  never  just  one  war  fought.  Each  side  has  its 
own  version,  and  rarely  do  they  agree.  Unfortunately,  there  is  always  fight- 
ing somewhere  around  the  world  so  that  you  can  verify  this  statement  for 
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yourself.  It  is  not  unusual  for  each  side  to  claim  that  the  other  fired  first, 
or  for  both  sides  to  claim  victory  in  a battle.  Obviously,  in  the  absence  of 
verifiable  truth,  there  is  no  way  to  know  which,  if  either,  side  is  presenting 
the  facts.  As  before,  the  best  way  to  assess  the  quality  of  the  information 
provided  is  to  consider  the  credibility  of  the  reporter.  I would  prefer  a re- 
port from  an  independent  third  party  with  first-hand  and  direct  knowledge 
and  appropriate  credentials  to  a report  from  spokespersons  from  either  of 
the  sides  involved  in  a dispute.  It  is  now  possible  to  get  news  from  multiple 
sources,  including  A1  Jazeera  (an  Arabic  language  news  program  that  is 
broadcast  in  multiple  languages,  including  English),  BBC  (British  Broadcast 
Corporation),  and  many  more.  It  is  useful  to  see  how  they  cover  the  same 
news  story. 


Evaluating  Information  on  the  Internet 

A website  hosted  by  the  Mankato  Area  Chamber  & Convention  Bureau 
extolled  the  many  attractions  in  this  beautiful  city  in  Minnesota,  including 
whale  watching  on  the  Minnesota  River  (n.d.).  Surprised?  You  should  be 
because  the  web  site  was  originally  created  by  a professor  at  Mankato  State 
University  to  highlight  the  importance  of  critically  evaluation  information 
found  on  the  Internet.  (I  assume  you  figured  out  that  there  are  no  whales 
on  the  river  in  Minnesota.)  We  are  far  too  trusting  of  the  information  we 
find  while  searching  legitimate-looking  web  sites.  There  are  many  guides 
for  evaluating  information,  whether  it  is  on  the  Internet  or  in  a book  (even 
this  one).  Bell  (2012)  suggests  that  every  reader  ask  these  questions: 


1.  Does  the  author  state  the  goals  for  the  publication?  (Is  it  meant  to 
persuade,  advocate,  inform,  or  sell  something?) 

2.  Is  the  author  biased?  (Is  there  only  one  point  of  view?  Does  the 
author  acknowledge  bias?  Are  there  facts  and  arguments  for 
all  sides  of  controversial  topics?  Is  the  language  meant  to  arouse 
emotions?) 

3.  Is  the  author's  affiliation  reflected  in  the  information?  (Does  the 
argument  support  the  mission  of  the  affiliation?  Are  there  ben- 
efits to  the  organization  if  people  agree  with  the  arguments 
presented?) 

4.  Is  the  information  valid  and  well-researched?  (Are  opinions  dis- 
guised as  facts?  Are  conclusions  supported  with  evidence?  Are  the 
assumptions  reasonable?) 
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Visual  Arguments 


He  who  controls  images  controls  everything. 

— Robert  Townsend  (quoted  in  Beilensen  & Jackson, 

Eds.,  1992,  p.  15) 

We  are  living  in  an  increasingly  visual  society  where  we  get  more  of  our 
information  from  visual  displays  than  from  words.  Television  is  a major 
source  of  information  and  entertainment  for  many  people.  The  average 
television  viewer  will  see  approximately  two  million  commercials  by  age 
65  (Mitroff  & Herr,  2007).  The  message  in  each  is  mostly  the  same — 
whatever  your  problem  is  (e.g.,  rough  elbows,  teeth  that  do  not  dazzle 
with  sparkling  whiteness,  being  overweight),  you  can  buy  a product  that 
will  solve  it.  Much  of  the  persuasive  message  in  television  commercials 
is  conveyed  through  the  pictures  that  we  see,  often  with  the  accompany- 
ing dialogue  being  of  secondary  importance,  images  are  also  impor- 
tant in  magazines,  newspapers,  video  games,  the  Internet,  and  on 
billboards. 

The  effects  of  visual  images  are  more  difficult  to  gauge  because  they  are 
often  subtle.  Consider  a sample  of  cigarette  advertisements.  Smoking  is 
linked  to  beauty,  glamour,  youth,  health,  and  popularity.  A popular  theme 
in  visual  cigarette  advertisements  is  horses  and  the  "great"  outdoors.  We 
are  shown  beautiful,  happy  people  smoking  and  enjoying  the  good  life. 
The  horses  suggest  ruggedness  and  an  unrestrained  independence — just  the 
sort  of  person  who  won't  be  swayed  with  facts  that  link  smoking  with 
many  diseases.  Careful  market  research  pinpoints  specific  markets  for  ciga- 
rette smokers  and  designs  images  to  appeal  to  market  segments,  for  exam- 
ple, young  women,  with  no  more  than  a high  school  education,  who  wear 
jeans,  and  work  at  blue  collar  jobs.  The  images  in  these  ads  are  very  differ- 
ent from  those  targeted  at  more  educated  women,  who  are  shown  reading 
and  talking  while  they  smoke. 

Visual  images  can  be  powerful  determinants  of  public  opinion  and  policy, 
i cannot  forget  the  pictures  of  starving  children  in  Somalia,  which  elo- 
quently spoke  of  the  dire  need  to  send  U.S.  troops  to  assist  with  this  disas- 
ter or  the  image  of  a dead  U.S.  serviceman  being  dragged  through  the  dusty 
streets  of  Somalia.  Which  image  moved  the  United  States  to  promptly  leave 
Somalia?  What  if  the  images  had  been  different?  Suppose  that  instead  of 
the  dead  peacekeeper  being  dragged  through  the  street,  the  media  had 
shown  pictures  of  Somalians  receiving  food  and  clean  water — people  who 
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were  alive  because  of  the  peacekeepers?  The  images  we  are  shown  have 
profound  effects  on  how  we  think  and  feel. 

Figure  5.2  shows  some  old  propagandist  images  that  were  popular  in  Russia 
in  the  early  and  mid-20th  century.  Note  the  image  of  the  fat,  rich  capitalist. 
His  pig-like  face  and  bloated  body  are  deliberately  unattractive,  and  his  sea 
of  gold  depicts  his  solitary  concern  with  material  wealth.  Look  also  at  the 
Soviet  Army  recruiter  with  the  outstretched,  pointing  finger,  urging  Rus- 
sians to  volunteer.  Compare  him  to  the  military  recruiting  posters  that 
were  popular  in  the  United  States  during  the  same  time  period,  a time 
when  people  in  the  United  States  knew  that  “Uncle  Sam  wants  you." 


Figure  5.2  Images  of  persuasion.  The  piglike  man  surrounded  with  his  gold  was 
designed  to  represent  the  capitalist.  It  was  a common  image  during  the  years  when 
Soviet  Communists  needed  to  keep  the  idea  that  "capitalism  is  bad"  alive.  By  contrast, 
the  Soviet  recruiter  has  his  arms  open  to  welcome  all  to  the  great  cause.  He  bears  an 
uncanny  similarity  in  pose  and  nonverbal  gestures  to  the  American  recruiting  poster 
where  we  were  told  that  "Uncle  Sam  Wants  You"  ("Warning!  Our  Homes  Are  in  Danger 
Now!"  poster.  General  Motors  Corporation,  1942,  National  Archives,  Powers  of 
Persuasion.) 
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Often  an  image  can  speak  more  persuasively  for  a point  of  view  than  even 
the  most  eloquent  prose.  The  images  in  Figure  5.3  were  all  advertisements. 
You  do  not  need  to  be  able  to  read  the  words  to  understand  the  message. 
There  is  the  gruesome  death  from  cigarettes  advertisement,  the  seductive 
child,  the  dangerous  looking  dark  man,  and  two  old  favorites — doctors 
recommending  cigarettes  and  the  hard  working  wife  who  takes  "pep"  for 
vitamins.  Cognitive  psychologists  know  that  we  have  very  good  picture 
memory — a fact  that  is  exploited  in  these  advertisements.  Oftentimes  we 
do  not  scrutinize  the  images  that  bombard  us  with  the  same  care  that  we 
use  for  verbal  arguments.  Pay  attention  to  the  images  you  encounter 
throughout  the  day  and  consider  how  each  is  influencing  what  and  how 


Figure  5.3  Visual  images  can  make  arguments.  You  don't  need  to  be  able  to  read  the 
language  to  recognize  the  gruesome  face  of  death  due  to  cigarettes.  Other  images  show 
the  use  of  stereotypes  to  sell  something — the  sexualization  of  children  to  sell  products, 
doctors  to  sell  cigarettes,  "dark"  men  who  are  dangerous,  and  the  oldie,  but  goodie 
image  of  the  happy  wife  who  takes  "Pep"  vitamins.  (Anti-smoking  advertisement 
appears  courtesy  of  the  Department  of  Health,  the  Government  of  the  Hong  Kong 
Special  Administrative  Region.) 
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you  think.  These  images  are  often  used  as  nonverbal  communication  that 
reinforces  stereotypes,  and  they  are  so  ubiquitous  that  we  often  take  them 
for  granted.  Look  at  and  think  about  the  images  you  see.  Are  some  groups 
usually  depicted  in  menial  jobs  on  television  or  in  advertisements?  Who  is 
used  to  display  high  fashion  and  who  is  depicted  in  warnings  about  crimi- 
nal activity?  It  is  only  when  you  become  consciously  aware  of  the  images 
you  are  viewing  that  you  can  think  critically  about  the  visual  arguments 
you  are  receiving. 


How  to  Change  Beliefs 

We  are  constantly  surrounded  by  individuals  and  groups  who  want  to 
change  what  we  think  and  how  we  act.  Nearly  every  social  interaction  in- 
volves persuasion.  Advertising  agencies  want  us  to  buy  whatever  product 
they  are  selling;  political  candidates  want  our  votes;  the  beef  council  wants 
us  to  eat  more  beef.  The  list  is  endless.  Some  of  these  beliefs  and  actions  are 
beneficial,  but  others  are  not.  One  of  the  best  ways  to  understand  the  dy- 
namics of  changing  beliefs  is  to  consider  the  issues  from  the  perspective  of 
someone  who  wants  to  change  the  beliefs  of  someone  else.  You  can  use  this 
knowledge  to  change  beliefs  or  to  resist  change.  The  following  list  is  loosely 
adapted  from  a summary  of  the  attitude  change  literature. 

1.  Provide  a credible  source  for  the  information  you  are  presenting. 
The  source  of  information  should  be  a person  or  agency  with  the 
necessary  expertise  in  the  field  and  who  is  independent  with  re- 
spect to  the  issue.  Additional  requirements  for  assessing  the  credi- 
bility of  an  information  source  are  provided  in  this  chapter. 

2.  Anticipate  counterarguments,  raise  them,  and  provide  counterex- 
amples. This  is  a good  technique  when  debating  an  issue  before  an 
audience.  It  can  leave  the  opposition  with  few  points  to  make.  As 
you  know,  counterarguments  weaken  the  support  for  a conclusion. 
This  technique  allows  you  to  weaken  the  counterarguments. 

3.  Do  not  appear  one-sided,  especially  when  the  audience  may  be 
predisposed  to  the  opposite  side.  The  willingness  to  use  qualifiers 
and  to  consider  counterarguments  make  your  position  appear  more 
credible. 

4.  Be  direct.  Tell  your  audience  what  to  believe.  By  explicitly  stating 
the  conclusion,  you  eliminate  the  possibility  that  the  audience  will 
arrive  at  a different  conclusion  or  not  “see"  the  support  for  the 
conclusion  that  you  are  advocating. 
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5.  Encourage  discussion  and  public  commitment.  These  variables 
have  not  been  discussed  in  this  chapter,  although  they  appear  in 
other  places  in  the  book.  The  discussion  allows  the  audience  to 
generate  reasons  and  to  "own"  them  or  view  them  as  reasons  that 
they  provided.  Public  commitment  is  a powerful  motivator.  If 
someone  signs  a document  or  speaks  in  favor  of  a position,  a host 
of  psychological  mechanisms  are  brought  into  play.  It  is  a kind  of 
a promise  to  believe  or  act  in  a certain  way.  A restaurant  owner  in 
Los  Angeles  has  borrowed  the  technique  of  commitment.  A big 
problem  for  many  restaurants  is  the  large  number  of  people  who 
make  reservations  and  then  neither  show  up  for  the  reservation 
nor  call  to  cancel  it.  In  the  past,  when  customers  called  to  make 
reservations,  they  were  told,  "Please  call  if  you  have  to  cancel  the 
reservations."  Now,  the  person  who  takes  the  reservation  asks, 
"Will  you  please  call  if  you  have  to  cancel  the  reservations?"  The 
customer  needs  to  make  a commitment  to  call — and  the  simple 
act  of  committing  seems  to  make  a difference.  The  number  of 
customers  who  do  not  cancel  their  reservations  when  they  are  not 
keeping  them  is  greatly  reduced.  What  a difference  two  words 
can  make. 

6.  Repeat  the  conclusion  and  the  reasons  that  support  the  conclusion 
several  times.  People  prefer  positions  that  are  familiar  to  them.  You 
can  make  the  same  points  in  several  different  ways.  Repetition  is  a 
useful  aid  in  recall.  Thus,  reasons  that  are  easily  remembered  (i.e., 
more  available  in  memory)  are  more  readily  used  to  assess  the 
strength  of  an  argument.  (The  potent  effects  of  repeated  exposure 
are  presented  in  the  chapter  on  decision  making.) 

7.  Provide  as  many  reasons  to  support  the  conclusion  as  is  feasible.  As 
you  already  know,  one  way  to  increase  the  strength  of  an  argument 
is  by  increasing  the  number  of  reasons  that  support  it. 

8.  The  message  should  be  easy  to  comprehend.  People  are  negatively 
affected  by  messages  they  find  incomprehensible. 

9.  You  could  use  any  of  the  21  common  fallacies  presented  in  this 
chapter.  But  be  wary,  they  are  examples  of  unsound  reasoning.  If 
you  want  to  persuade  someone,  your  reasoning  should  be  sound. 
Shoddy  reasoning  is  detectable,  and  if  detected,  it  could  (and 
should)  destroy  your  credibility. 

10.  Use  vivid  images  that  will  be  difficult  to  forget  and  be  sure  that 
they  make  your  point. 
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Chapter  Summary 


• An  argument  is  an  attempt  to  convince  the  reader  (or  listener)  that 
a particular  conclusion  is  true  based  on  the  reasons  presented. 

• All  arguments  must  have  at  least  one  conclusion  and  one  premise 
(reason).  Arguments  may  also  have  assumptions,  qualifiers,  and 
counterarguments. 

• Arguments  have  structures  that  can  be  identified  and 
diagrammed. 

• Sound  (good)  arguments  meet  three  criteria:  the  premises  are  ac- 
ceptable and  consistent;  the  premises  provide  support  for  the  con- 
clusion by  being  relevant  to  the  conclusion  and  are  sufficiently 
strong;  and  missing  components  of  the  argument  (e.g.,  assump- 
tions, counterarguments,  qualifiers,  premises,  and  rival  conclu- 
sions) have  been  considered. 

• When  analyzing  the  strength  of  an  argument,  the  amount  of  sup- 
port each  premise  supplies  to  the  conclusion  is  weighed  along  with 
the  negative  effects  of  counterarguments.  Missing  components  are 
made  explicit  and  are  considered  along  with  the  stated 
components. 

• It  is  often  necessary  to  assess  the  credibility  of  a source  of  informa- 
tion when  deciding  on  the  acceptability  of  a premise.  There  are 
important  differences  between  experts  for  issues  of  fact  and  experts 
for  issues  of  value. 

• People  like  to  believe  that  their  beliefs  and  actions  are  "reasoned"; 
however,  most  people  are  not  sensitive  to  poor  or  weak  reasoning. 
Unfortunately,  there  is  a general  preference  for  explanations  that 
"make  sense"  over  conclusions  that  are  justified  by  available  data. 
Critical  thinkers  need  to  understand  the  importance  of  data  and 
value  data-based  conclusions. 

• There  is  a widespread  bias  to  assign  greater  importance  to  reasons 
that  support  a conclusion  that  we  favor  (my-side  bias)  than  to  rea- 
sons that  mn  counter  to  a conclusion  that  we  favor.  This  bias  can  be 
reduced  by  listing  reasons  and  counterarguments  and  consciously 
deciding  how  strongly  they  support  or  run  counter  to  a conclusion. 

• A critical  part  of  the  analysis  of  arguments  is  the  consideration  of 
missing  parts  and  misleading  statements. 
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• Arguments  of  all  sorts  have  been  used  to  justify  genocide  and  other 
versions  of  "ethnic  cleansing."  The  techniques  presented  here 
could  prevent  future  horrors  if  people  are  willing  to  invest  the  time 
and  hard  work  in  analyzing  arguments. 

• Twenty-one  common  techniques  of  propaganda  were  presented. 
Most  can  be  categorized  as  types  of  unsound  reasoning  in  which 
emotional  appeals  are  often  substituted  for  reasons. 

• A distinction  was  made  between  the  terms  "opinion,"  "reasoned 
judgment,"  and  "fact."  An  opinion  is  an  unsupported  statement  of 
preference.  Reasoned  judgment  is  a belief  that  is  based  on  the  con- 
sideration of  premises  that  support  that  belief.  Facts  have  a verifi- 
able true  value,  it  is  often  difficult  to  discern  the  difference  between 
these  terms  in  real-life  settings. 

• Visual  images  are  used  to  persuade.  Strong  images  that  are  difficult  to 
forget  can  support  or  refute  a conclusion.  They  usually  appeal  to  emo- 
tions and  often  use  stereotypes  to  support  the  implied  conclusion. 

• The  beliefs  of  others  can  be  changed  with  sound  and  unsound  rea- 
soning. Beware  of  attempts  to  manipulate  your  beliefs  with  shoddy 
reasoning  techniques. 

The  following  skills  for  analyzing  arguments  were  presented  in  this  chap- 
ter. if  you  are  unsure  about  how  to  use  any  of  these  skills,  be  sure  to  reread 
the  section  in  which  it  is  discussed. 

• identifying  arguments 

• diagramming  the  structure  of  an  argument 

• evaluating  premises  for  their  acceptability 

• examining  the  credibility  of  an  information  source 

• determining  the  consistency,  relevance  to  the  conclusion,  and  ad- 
equacy in  the  way  premises  support  a conclusion 

• remembering  to  consider  missing  components  by  assuming  a dif- 
ferent perspective 

• assessing  the  overall  strength  of  an  argument 

• recognizing,  labeling,  and  explaining  what  is  wrong  with  each  of 
the  21  fallacies  that  were  presented 

• recognizing  differences  between  opinion,  reasoned  judgment,  and  fact 

• understanding  how  visual  arguments  can  be  effective 

• judging  your  own  arguments  for  their  strength. 
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Terms  to  Know 


Check  your  understanding  of  the  concepts  presented  in  this  chapter  by 
reviewing  their  definitions.  If  you  find  that  you  are  having  difficulty  with 
any  term,  be  sure  to  reread  the  section  where  it  is  discussed. 

Argument.  An  argument  consists  of  one  or  more  statements  that  are  used  to  pro- 
vide support  for  a conclusion. 

Conclusion.  The  belief  or  statement  that  the  writer  or  speaker  is  advocating.  It  is 
what  the  speaker  wants  you  to  do  or  believe. 

Reasons.  The  bases  for  believing  that  a conclusion  is  true  or  probably  true.  Note: 
This  word  may  be  singular  or  plural  as  there  may  be  one  or  more  reasons  for  a 
conclusion.  When  we  reason  (singular  only),  we  are  following  rules  for  deter- 
mining whether  an  argument  is  sound. 

Premises.  The  formal  term  for  the  statements  that  support  a conclusion. 

Premise  Indicators.  Key  words  that  often  (but  not  always)  signal  that  the  state- 
ment or  statements  that  follow  them  are  premises. 

Conclusion  Indicators.  Key  words  that  often  (but  not  always)  signal  that  the 
statement  or  statements  that  follow  them  are  conclusions. 

Assumptions.  In  an  argument,  an  assumption  is  a statement  for  which  no  proof 
or  evidence  is  offered.  They  may  be  stated  or  implied. 

Subarguments.  Arguments  that  are  used  to  build  the  main  argument  in  an  ex- 
tended passage. 

Main  Point.  The  principal  argument  in  an  extended  passage. 

Qualifier.  A constraint  or  restriction  on  the  conclusion. 

Counterargument.  Statements  that  refute  or  weaken  a particular  conclusion. 

Statement.  A phrase  or  sentence  for  which  it  makes  sense  to  ask  the  question,  "Is 
it  true  or  false?"  Questions,  commands,  and  exclamations  are  not  statements. 

Convergent  Structures.  A type  of  argument  in  which  two  or  more  premises  sup- 
port the  same  conclusion. 

Chained  (or  Linked)  Structures.  Argument  types  in  which  the  conclusion  of 
one  subargument  becomes  the  premise  of  a second  argument. 

Acceptable.  A standard  for  assessing  the  quality  of  a premise.  A premise  is  accept- 
able when  it  is  true  or  when  we  can  reasonably  believe  that  it  is  true. 

Consistent.  A standard  for  assessing  the  quality  of  an  argument.  When  the  prem- 
ises that  support  a conclusion  are  not  contradictory,  they  are  consistent. 

Adequate  Grounds.  A standard  for  assessing  the  quality  of  an  argument.  Occurs 
when  the  premises  provide  good  support  for  a conclusion. 

Sound  Argnment.  Meets  three  criteria:  1.  Acceptable  and  consistent  premises;  2. 
Premises  are  relevant  and  provide  sufficient  support  for  the  conclusion;  3.  Miss- 
ing components  are  considered  and  evaluated. 

Rationalizing.  A biased  analysis  of  an  argument  so  that  a preferred  conclusion 
will  be  judged  as  acceptable  or  a nonpreferred  conclusion  will  be  judged  as 
unacceptable.  The  process  of  rationalizing  is  usually  not  conscious. 

Propaganda.  Information  presented  by  proselytizers  of  a doctrine  or  belief.  It 
may  distort  the  truth,  alter  evidence,  and  appeal  to  emotions.  The  objective  is 
to  get  the  reader  or  listener  to  endorse  the  belief. 
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Fallacies.  Unsound  reasoning  techniques  that  are  used  to  change  how  people 
think. 

Guilt  by  Association.  The  fallacy  of  associating  a position  or  person  with  an 
undesirable  position  or  person  in  order  to  create  a negative  impression. 

Virtue  by  Association.  The  fallacy  of  associafing  a posifion  or  person  with  a 
desirable  position  or  person  in  order  to  create  a favorable  impression.  Compare 
wifh  guilt  by  association. 

Arguments  Against  the  Person.  A form  of  propaganda  that  attacks  the  people 
who  support  a cause  and  not  the  cause  itself. 

Appeals  to  Pity.  A fallacy  fhat  asks  for  your  compassion  instead  of  appealing  to 
your  reason. 

Popularity.  A fallacy  in  which  the  only  reason  for  the  conclusion  is  that  it  is 
endorsed  by  "everyone." 

Testimonials.  An  appeal  in  which  the  sole  support  for  a conclusion  is  someone's 
unsupported  opinion. 

False  Dichotomy.  An  argument  in  which  two  possible  conclusions  or  courses  of 
acfion  are  presented  when  there  are  multiple  other  possibilities.  (Also  known 
as  Black  or  White  Fallacy.) 

Card  Stacking.  A fallacy  thaf  omifs  imporfant  information  that  might  support 
an  unfavored  view. 

Appeals  to  Pride  or  Snobbery.  The  use  of  praise  or  flaffery  fo  get  its  recipient 
to  agree  with  a position. 

Circular  Reasoning.  An  argument  structure  in  which  the  premise  is  a restate- 
ment of  fhe  conclusion.  If  diagrammed,  it  would  be  a circle. 

Slippery  Slope.  Counterargument  for  a conclusion  in  which  the  premise  consists 
of  the  idea  that  because  certain  events  lie  along  some  continuum,  it  is  not  pos- 
sible to  take  an  action  without  affecting  all  the  events  on  the  continuum. 

Continuum.  Fallacy  of  the  Continuum  is  the  same  as  Slippery  Slope. 

Straw  Person.  A type  of  fallacy  in  which  an  opponenf  to  a conclusion  distorts 
the  argument  that  supports  the  conclusion  by  substituting  a weaker 
argument. 

Appeals  to  Ignorance.  An  argument  in  which  the  premise  involves  something 
that  is  unknown. 

Knowing  tbe  Unknowable.  Fallacy  in  which  numbers  are  provided  for  events 
that  cannot  be  quantified. 

False  Cause.  Fallacy  in  which  one  event  is  said  to  have  caused  the  other  because 
they  occur  together. 

Put  Downs.  Belittling  an  opposing  point  of  view  so  fhat  it  would  be  difficult  for 
a lisfener  fo  agree  wifh  if. 

Appeals  to  Tradition.  A fallacy  fhat  utilizes  the  reason  that  what  already  exists 
is  best. 
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Suppose  that  the  following  is  true:  You  are  seriously  addicted  to  heroin 
and  you  have  two  choices  of  treatment  programs. 

Program  #1 : This  program  is  run  by  former  heroin  addicts.  Your  therapist 
will  be  a recovered  addict  who  is  the  same  age  as  you.  The  literature  about 
this  program  states  that  among  those  who  stay  with  the  program  for  at 
least  one  year,  the  success  rate  is  very  high  (80%).  One  of  the  biggest 
advantages  of  this  program  is  that  your  therapist  knows  what  it's  like  to 
be  seriously  addicted  and  can  offer  you  insights  from  his  own  recovery. 

Program  #2:  The  therapists  in  this  program  have  studied  the  psychol- 
ogy and  biology  of  heroin  addiction.  The  success  rate  that  they  provide 
is  much  lower  than  that  provided  for  Program  #1  (30%),  but  the  per- 
centage of  successes  is  based  on  everyone  who  enters  treatment,  not  just 
those  who  are  still  using  the  program  after  one  year.  Your  therapist  has 
never  been  addicted  to  heroin,  but  has  studied  various  treatment  options. 

This  is  an  important  decision  for  you.  Which  do  you  choose? 
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Research  is  an  intellectual  approach  to  an  unsolved  problem,  and  its 
function  is  to  seek  the  truth. 

—Paul  D.  Leedy  (1981,  p.  7) 

Much  of  our  thinking  is  like  the  scientific  method  of  hypothesis  testing. 
A hypothesis  is  usually  a belief  about  a relationship  between  two  or  more 
variables.  In  order  to  understand  the  world  around  us,  we  accumulate  ob- 
servations, formulate  beliefs  or  hypotheses  (singular  is  hypothesis),  and 
then  observe  if  our  hypotheses  are  confirmed  or  disconfirmed.  Thus,  hy- 
pothesis testing  is  one  way  of  finding  out  about  the  "way  the  world  works." 
Formulating  hypotheses  and  making  systematic  observations  that  could 
confirm  or  disconfirm  them  is  the  same  method  that  scientists  use  when 
they  want  to  understand  events  in  their  academic  domain.  Thus,  when 
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thinking  is  done  in  this  manner,  it  has  much  in  common  with  the  experi- 
mental methods  used  by  scientists. 

Explanation,  Prediction,  and  Control 

Government  policies — from  teaching  methods  in  schools  to  prison  sen- 
tencing to  taxation — ^would  also  benefit  from  more  use  of  controlled 
experiments. 

— ^Timo  Hannay  (2012,  p.  26) 

There  is  a basic  need  to  understand  events  in  life.  How  many  times  have 
you  asked  yourself  questions  like,  "Why  did  my  good  friends  get  divorced 
when  they  seemed  perfect  for  each  other?"  or  "How  can  we  understand 
why  the  son  of  the  U.S.  Surgeon  General,  the  chief  doctor  in  the  United 
States,  is  addicted  to  illegal  drugs?"  When  we  try  to  answer  questions  like 
these,  we  often  function  as  an  "intuitive  scientist."  Like  the  scientist,  we 
have  our  own  theories,  which  are  explanations  about  the  causes  of  social 
and  physical  events.  It  is  important  to  be  able  to  explain  why  people  react 
in  certain  ways  (e.g..  He's  a bigot.  She's  tired  and  cranky  after  work.),  to 
predict  the  results  of  our  actions  (e.g..  If  1 don't  study.  I'll  fail.  If  1 wear 
designer  clothes,  people  will  think  I'm  cool.),  and  to  control  some  of  the 
events  in  our  environment  (e.g..  In  order  to  get  a good  job  in  business.  I'll 
have  to  do  well  in  my  accounting  course.). 

The  goal  of  hypothesis  testing  is  to  make  accurate  predictions  about  the 
portion  of  the  world  we  are  dealing  with  (Holland,  Holyoak,  Nlsbett,  & 
Thagard,  1993).  In  order  to  survive  and  function  with  maximum  effi- 
ciency, we  must  reduce  the  uncertainty  in  our  environment.  One  way  to 
reduce  uncertainty  is  to  observe  sequences  of  events  with  the  goal  of  de- 
termining predictive  relationships.  Children,  for  example,  may  learn  that 
an  adult  will  appear  whenever  they  cry;  your  dog  may  learn  that  when  he 
stands  near  the  kitchen  door,  you  will  let  him  out;  and  teenagers  may 
learn  that  their  parents  will  become  angry  when  they  come  home  late. 
These  are  important  predictive  relationships  because  they  reduce  the  un- 
certainty in  the  environment  and  allow  us  to  exercise  some  control  over 
our  lives.  The  process  that  we  use  in  determining  these  relationships  is  the 
same  one  that  is  used  when  medical  researchers  discover  that  cancer  pa- 
tients will  go  into  remission  following  chemotherapy  or  that  longevity  is 
associated  with  certain  life  styles.  Because  the  processes  are  the  same,  some 
of  the  technical  concepts  in  scientific  methods  are  applicable  to  practical 
everyday  thought. 
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Inductive  and  Deductive  Methods 

Inductive  reasoning  is  a major  aspect  of  cognitive  development  and 
plays  an  important  role  in  both  the  development  of  a system  of  logical 
thought  processes  and  in  the  acquisition  of  new  information. 

— James  Pellegrino  and  Susan  Goldman  (1984,  p.  143) 

Sometimes  a distinction  is  made  between  inductive  and  deductive  methods 
of  hypothesis  testing  (see  the  chapter  on  reasoning  skills).  In  the  inductive 
method,  you  observe  events  and  then  devise  a hypothesis  about  the  events 
you  observed.  For  example,  you  might  notice  that  Armaund,  a retired  man 
whom  you  know,  likes  to  watch  wrestling  on  television.  Then  you  note  that 
Minnie  and  Sue  Ann,  who  are  retired  older-adults,  also  like  to  watch  wres- 
tling on  television.  On  the  basis  of  these  observations,  you  would  h5q)othe- 
size  (invent  a hypothesis  or  explanation)  that  older  people  like  to  watch 
wrestling.  In  this  way,  you  would  work  from  your  observations  to  your  hy- 
pothesis. The  inductive  method  is  sometimes  described  as  "going  from  the 
specific  to  the  general."  In  a classic  book  entitled  Induction  (Holland  et  al., 
1986),  the  authors  argue  that  the  inductive  process  is  the  primary  way  in 
which  we  learn  about  the  nature  of  the  world.  As  explained  in  Chapter  5, 
with  inductive  reasoning,  if  your  premises  are  true  and  the  reasoning  is  valid, 
then  you  can  decide  that  the  conclusion  is  probably  correct.  So,  for  example, 
if  you  are  a juror,  you  can  decide  "beyond  a reasonable  doubt"  that  the  de- 
fendant is  guilty,  or  using  the  example  just  given,  that  older  people  like  to 
watch  wrestling.  By  contrast,  with  deductive  methods,  if  the  premises  are 
tme  and  the  syllogism  is  valid,  then  the  conclusion  must  be  true. 

Although  a distinction  is  usually  made  between  inductive  and  deductive 
reasoning,  in  real  life  they  are  just  different  phases  of  the  hypothesis- 
testing method.  Often  people  observe  events,  formulate  hypotheses,  ob- 
serve events  again,  reformulate  hypotheses,  and  collect  even  more 
observations.  The  question  of  whether  the  observations  or  the  hypothesis 
comes  first  is  moot  because  our  hypotheses  determine  what  we  choose  to 
observe,  and  our  observations  determine  what  our  hypotheses  will  be.  It  is 
like  the  perennial  question  of  which  came  first,  the  chicken  or  the  egg. 
Each  process  is  dependent  on  the  other  for  its  existence.  In  this  way,  ob- 
serving and  hypothesizing  recycle,  with  the  observations  changing  the 
hypotheses  and  the  hypotheses  changing  what  gets  observed. 

If  you  are  a Sherlock  Holmes  fan,  you  will  recognize  this  process  as  one  that 
was  developed  into  a fine  art  by  this  fictional  detective.  He  would  astutely 
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note  clues  about  potential  suspects.  For  example,  Sherlock  Holmes  could 
remember  that  the  butler  had  a small  mustard-yellow  stain  on  his  pants 
when  it  is  well  known  that  you  don't  serve  mustard  with  wild  goose,  which 
was  the  main  course  at  dinner  that  evening.  He  would  use  such  clues  to 
devise  hypotheses  like,  "the  butler  must  have  been  in  the  field  where  wild 
mustard  plants  grow."  The  master  sleuth  would  then  check  for  other  clues 
that  would  be  consistent  or  inconsistent  with  this  hypothesis.  He  might 
check  the  butler's  boots  for  traces  of  the  red  clay  soil  that  surrounds  the 
field  in  question.  After  a circuitous  route  of  hypotheses  and  observations, 
Sherlock  Holmes  would  announce,  "The  butler  did  it."  When  called  on  to 
explain  how  he  reached  his  conclusion,  he  would  utter  his  most  famous 
reply,  "It's  elementary,  my  dear  Watson." 

Many  of  our  beliefs  about  the  world  were  obtained  with  the  use  of  induc- 
tive and  deductive  methods,  much  like  the  great  Sherlock  Holmes.  We  use 
the  principles  of  inductive  and  deductive  reasoning  to  generate  and  evalu- 
ate beliefs.  Holmes  was  invariably  right  in  the  conclusions  he  drew.  Unfor- 
tunately, it  is  only  in  the  realm  of  fiction  that  mistakes  are  never  made 
because  conclusions  that  result  from  inductive  reasoning  can  never  be 
known  with  absolute  certainty.  Let's  examine  the  components  of  the  hy- 
pothesis testing  process  to  see  where  mistakes  can  occur. 


Operational  Definitions 

Scientific  reasoning  and  everyday  reasoning  both  require  evidence- 
based  justification  of  beliefs,  or  the  coordination  of  theory  and  evidence. 

— Deanna  Kuhn  (1993,  p.  74) 

An  operational  definition  tells  us  how  to  recognize  and  measure  a con- 
cept. For  example,  if  you  believe  that  successful  women  are  paid  high  sala- 
ries, then  you  will  have  to  define  "successful"  and  "high  salary"  in  ways 
that  will  allow  you  to  identify  who  is  successful  and  who  receives  a high 
salary,  if  you  have  already  read  the  chapter  "The  Relationship  between 
Thought  and  Language"  (Chapter  3),  then  you  should  recognize  the  need 
for  operational  definitions  as  being  the  same  as  the  problem  of  vagueness. 
You  would  need  to  provide  some  statement  like,  "Successful  individuals  are 
respected  by  their  peers  and  are  famous  in  their  field  of  work."  You  will  find 
that  it  is  frequently  difficult  to  provide  good  operational  definitions  for 
terms.  1 can  think  of  several  people  who  are  not  at  all  famous,  but  who  are 
successful  by  their  own  and  other  definitions,  if  you  used  the  operational 
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definition  that  requires  fame  as  a component  of  success,  then  you  would 
conclude  that  homemakers,  skilled  crafts  people,  teachers,  nurses,  and  oth- 
ers could  not  be  "successful"  based  on  this  definition.  Thus,  this  would 
seem  to  be  an  unsatisfactory  operational  definition.  Suppose,  for  purposes 
of  illustration,  that  this  is  our  operational  definition  to  classify  people  into 
"successful"  and  "unsuccessful"  categories. 

How  would  you  operationally  define  "paid  a high  salary?"  Suppose  you 
decided  on  "earns  at  least  $2,000  per  week."  Once  these  terms  are  operation- 
ally defined,  you  could  go  around  finding  out  whether  successful  and  un- 
successful women  differ  in  how  much  they  are  paid.  Operational  definitions 
are  important.  Whenever  you  hear  people  talking  about  "our  irresponsible 
youth,"  "knee-jerk  liberals,"  "bleeding  hearts,"  "red-necks,"  "reactionaries," 
"fascists,"  or  "feminists,"  ask  them  to  define  their  terms  operationally.  You 
may  find  that  the  impact  of  their  argument  is  diminished  when  they  are 
required  to  be  precise  about  their  terms. 

Many  arguments  hinge  on  operational  definitions.  For  example,  consider 
the  debate  over  whether  homosexuality  is  a mental  disorder.  The  issue 
turns  on  the  answer  to  operational  definitions.  What  defines  a "mental 
disorder?"  Who  gets  to  decide  how  "mental  disorder"  should  be  defined? 
Does  homosexuality  possess  the  defining  characteristics  of  a mental  dis- 
order? The  vitriolic  arguments  about  whether  abortion  is  murder  can  be 
transformed  into  calmer  arguments  over  what  is  the  appropriate  defini- 
tion of  murder,  and  again  the  more  important  question  of  who  is  the 
right  authority  to  define  what  constitutes  murder.  Thus,  with  critical 
thinking,  explosive  divisions  over  issues  like  abortion  will  not  be  re- 
solved, but  they  will  be  changed  in  their  character  as  people  consider 
what  is  really  being  argued  about.  Although  most  people  tend  to  think 
that  topics  like  the  need  for  operational  definitions  are  only  relevant 
when  discussing  research,  in  fact,  these  topics  are  useful  everyday  think- 
ing skills.  Consider  this  example  from  a computerized  learning  game 
(Halpern  et  ah,  2012):  Imagine  how  you  would  respond  to  "My  room- 
mate and  1 got  into  an  argument  yesterday  over  who  was  more  influen- 
tial on  hip  hop:  James  Brown  or  Stevie  Wonder."  You  might  respond, 
"You  know,  you  could  have  resolved  the  argument  by  using  what  scien- 
tists call  an  operational  definition."  When  you  use  operational  defini- 
tions, you  avoid  the  problems  of  ambiguity  and  vagueness.  Try,  for 
example,  to  write  operational  definitions  for  the  following  terms:  love, 
prejudice,  motivation,  good  grades,  sickness,  athletic,  beautiful,  and 
maturity. 
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Independent  and  Dependent  Variables 

Psychologists  have  been  making  the  case  for  the  'nothing  special'  view 

of  scientific  thinking  for  many  years. 

— David  Klahr  and  Herbert  Simon  (2001,  p.  76) 

A variable  is  any  measurable  characteristic  that  can  take  on  more  than 
one  value.  Examples  of  variables  are  gender  (female  and  male),  height,  po- 
litical affiliation  (Republican,  Democrat,  Communist,  etc.),  handedness 
(right,  left,  ambidextrous),  and  attitudes  towards  traditional  sex  roles 
(could  range  from  extremely  negative  to  extremely  positive).  When  we  test 
hypotheses,  we  begin  by  choosing  the  variables  of  interest. 

In  the  opening  scenario  of  this  chapter,  you  were  asked  to  determine  which 
of  the  two  programs  would  more  likely  help  you  kick  your  heroin  habit.  In 
this  example,  there  are  two  variables — type  of  treatment,  which  is  the  inde- 
pendent variable,  or  the  one  that  is  under  your  control  (Program  #1  and 
Program  #2)  and  recovery,  which  is  the  dependent  variable  or  the  one 
that  you  believe  will  change  as  a result  of  the  different  treatments — you  will 
either  (a)  recover  from  the  addiction,  or  (b)  you  will  not  recover  from  it.  You 
want  to  select  the  program  that  is  more  likely  to  help  you  to  recover.  In  the 
jargon  of  hypothesis  testing,  you  want  to  know  which  level  of  the  indepen- 
dent variable  will  have  a beneficial  effect  on  the  dependent  variable. 

The  next  step  in  the  hypothesis-testing  process  is  to  define  the  variables  opera- 
tionally. Suppose  we  decide  to  define  "recovery"  as  staying  drug-free  for  at 
least  two  years  and  "not  recovering"  as  staying  drug-free  for  less  than  two 
years,  which  would  include  never  being  drug-free.  It  is  important  to  think 
critically  about  operational  definitions  for  your  variables.  If  they  are  not  stated 
in  precise  terms,  the  conclusions  you  draw  from  your  study  may  be  wrong. 


Measurement  Sensitivity 

When  we  measure  something,  we  systematically  assign  a number  to  it  for 
the  purposes  of  quantification.  Someone  who  is  taller  than  you  are  is  as- 
signed a higher  number  of  inches  of  height  than  you  are.  If  not,  the  con- 
cept of  height  would  be  meaningless. 

When  we  think  as  scientists  and  collect  information  in  order  to  understand 
the  world,  we  need  to  consider  how  we  measure  our  variables.  For  example, 
suppose  you  believe  that  love  is  like  a fever,  and  that  people  in  love  have 


298  Thinking  as  Hypothesis  Testing 


fever-like  symptoms.  To  find  out  if  this  is  true,  you  could  conduct  an  experi- 
ment, taking  temperatures  from  people  who  are  in  love  and  comparing  your 
results  to  the  temperatures  of  people  who  are  not  in  love.  How  will  you  mea- 
sure temperature?  Suppose  that  you  decide  to  use  temperature  headbands  that 
register  body  temperature  with  a band  placed  on  the  forehead.  Suppose  fur- 
ther that  these  bands  measure  temperature  to  the  nearest  degree  (e.g.,  98°,  99°, 
100°,  etc.).  If  being  in  love  does  raise  your  body  temperature,  but  only  raises  it 
one-half  of  a degree,  you  might  never  know  this  if  you  used  headband  ther- 
mometers. Headband  thermometers  just  wouldn't  be  sensitive  enough  to 
register  the  small  increment  in  body  temperature.  You  would  incorrectly  con- 
clude that  love  doesn't  raise  body  temperatures,  when  in  fact  it  may  have.  As 
far  as  I know,  this  experiment  has  never  been  done,  but  it  is  illustrative  of  the 
need  for  sensitive  measurement  in  this  and  similar  situations. 


Populations  and  Samples 


People  make  innumerable  decisions  daily  about  other  people  that  affect 
their  lives  and  careers.  These  decisions  are  inevitably  fraught  with  errors 
of  judgment  that  reflect  ignorance,  personal  biases,  or  stereotypes.  . . . 

— W.  Grant  Dahlstrom  (1993,  p.  393) 

In  deciding  which  heroin  treatment  program  to  enter,  or  for  that  matter, 
which  college  to  attend  or  which  job  to  accept,  you  are  making  a bet  about 
the  future,  which  necessarily  involves  uncertainty.  Hypothesis  testing  prin- 
ciples are  used  to  reduce  uncertainty.  We  cannot  eliminate  uncertainty,  but 
we  can  use  the  principles  of  hypothesis  testing  to  help  us  make  the  best 
choice.  In  the  example  at  the  beginning  of  the  chapter,  you  would  have  to 
examine  and  evaluate  information  about  the  success  rate  of  both  programs. 
You  would  then  use  this  information  to  make  your  decision. 

The  group  that  we  want  to  know  about  is  called  a population.  Since  we 
obviously  cannot  study  every  heroin  addict  to  determine  which  program 
has  more  successes,  we  need  to  study  a subset  of  this  population.  A subset 
of  a population  is  called  a sample.  In  this  example,  all  of  the  people  who 
entered  each  of  the  programs  constitute  the  sample. 

Biased  and  Unbiased  Samples 

Self-selected  samples  are  not  much  more  informative  than  a list  of  cor- 
rect predictions  by  a psychic. 


-John  Allen  Paulos  (2001,  p.  152) 
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We  want  our  sample  to  be  representative  of  our  population.  To  be  represen- 
tative, the  addicts  in  our  sample  would  need  to  be  both  female  and  male, 
from  all  socioeconomic  levels,  all  intellectual  levels,  rural  and  urban  areas, 
and  so  on,  assuming  that  heroin  addicts  come  from  all  of  these  demo- 
graphic groups.  We  need  representative  samples  so  that  we  can  general- 
ize our  results  and  decide,  on  average,  that  one  program  is  more  successful 
than  the  other.  Generalization  refers  to  using  the  results  obtained  with 
a sample  to  infer  that  similar  results  would  be  obtained  from  the  popula- 
tion if  everyone  in  the  population  had  been  measured.  Generalizations  are 
valid  only  if  the  sample  is  representative  of  the  population. 

What  happens  when  the  sample  is  not  representative  of  the  population? 
Suppose  that  one  program  is  very  expensive  and  one  is  county-run  to  serve 
the  poor.  These  are  examples  of  biased  samples.  Because  they  are  not 
representative  or  unbiased,  you  could  not  use  these  samples  to  draw  con- 
clusions about  the  population  of  all  heroin  addicts.  Far  too  often,  mistakes 
occur  because  a sample  was  biased.  One  of  the  biggest  fiascoes  in  sampling 
history  probably  occurred  in  1936  when  the  Literary  Digest  mailed  over  10 
million  straw  ballots  to  people's  homes  in  order  to  predict  the  winner  of 
the  presidential  election  that  was  to  be  held  that  year.  The  results  from  this 
large  sample  were  clear-cut:  The  next  president  would  be  Alf  Landon. 
What,  you  don't  remember  learning  about  U.S.  President  Landon?  1 am 
sure  that  you  do  not  because  Franklin  Delano  Roosevelt  was  elected  presi- 
dent of  the  United  States  that  year.  What  went  wrong?  The  problem  was  in 
how  the  Literary  Digest  sampled  voters.  They  mailed  ballots  to  subscribers 
to  their  literary  magazine,  to  people  listed  in  the  phone  book,  and  to  auto- 
mobile owners.  Remember,  this  was  1936,  and  only  the  affluent  belonged 
to  the  select  group  of  people  who  subscribed  to  literary  magazines,  or  had 
phones,  or  owned  automobiles.  They  failed  to  sample  the  large  number  of 
poorer  voters,  many  of  whom  voted  for  Roosevelt,  not  Landon.  Because  of 
biased  sampling,  they  could  not  generalize  their  results  to  the  voting  pat- 
terns of  the  population.  Even  though  they  sampled  a large  number  of  vot- 
ers, the  results  were  wrong  because  they  sampled  in  a biased  way. 

it  is  often  not  easy  to  recognize  the  profound  effect  that  biased  sampling 
can  have  on  the  information  that  we  receive.  For  example,  phone-in  polls 
are  very  popular,  probably  because  someone  makes  money  from  the  phone 
calls.  Suppose  that  a phone-in  poll  shows  that  75%  of  the  people  who  re- 
sponded to  a question  about  same-sex  marriage  were  opposed  to  it.  What 
can  we  conclude  from  this  poll?  Absolutely  nothing!  Polls  of  this  sort  are 
called  "SLOPS,"  which  stands  for  Selected  Listener  Opinion  Polls  and  also 
describes  their  worth.  Only  people  with  extreme  views  on  a topic  will  take 
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the  time  and  expense  to  call  in  their  opinions.  Even  though  these  polls  are 
usually  preceded  with  warnings  like  "this  is  a nonscientific  survey,"  the 
announcer  then  goes  on  to  present  meaningless  results  as  though  they 
could  be  used  to  gauge  public  opinion. 

Another  pitfall  in  sampling  is  the  possibility  of  confounding.  Confounds 
confuse  the  interpretation  of  results  because  their  influence  is  not  easily 
separated  from  the  influence  of  the  independent  variable.  Suppose  that 
patients  in  the  two  hypothetical  heroin  treatment  programs  differ  system- 
atically in  more  than  one  way — that  is,  Program  #1  provides  peer  counsel- 
ing and  the  addicts  in  this  program  are  very  wealthy,  while  addicts  in 
Program  #2  get  a different  type  of  treatment  and  they  are  very  poor — we 
cannot  determine  if  any  differences  in  recovery  rate  are  due  to  the  type  of 
treatment  or  income  levels  of  the  patients.  Because  you  cannot  separate  the 
effect  of  type  of  treatment  and  income,  you  could  not  use  these  results  to 
decide  which  treatment  is  more  successful. 

Usually,  scientists  use  convenience  samples.  They  study  a group  of 
people  who  are  readily  available.  The  most  frequently  used  subjects  in  psy- 
chology experiments  are  college  students  and  rats.  The  extent  to  which  you 
can  generalize  from  these  samples  depends  on  the  research  question.  If  you 
want  to  understand  how  the  human  visual  system  works,  college  students 
should  be  useful  as  subjects,  especially  if  you  want  to  know  about  young, 
healthy  eyes.  If,  on  the  other  hand,  you  want  to  understand  sex-role  ste- 
reotyping or  attitudes  toward  subsidized  health  insurance  for  the  elderly, 
college  students  would  not  be  a representative  sample.  In  this  case,  you 
could  only  generalize  the  results  you  obtained  to  college  students. 

There  has  been  much  debate  over  the  issue  of  establishing  a voucher  sys- 
tem as  a means  of  paying  for  K-12  education,  especially  in  my  home  state 
of  California.  As  you  may  know,  some  people  believe  that  education  would 
improve  if  parents  received  vouchers  in  an  amount  that  is  equal  to  what 
the  state  pays  to  educate  a child  in  the  public  schools.  The  parents  could 
then  use  this  voucher  to  select  any  school  that  they  deemed  best  for  their 
children.  This  is  a complex  issue  as  proponents  argue  that  the  competition 
would  improve  all  schools,  and  opponents  argue  that  wealthy  parents 
would  supplement  the  voucher  and  send  their  children  to  private  schools, 
while  the  poor  parents  would  have  to  use  the  vouchers  at  cheaper  and  in- 
ferior schools.  1 do  not  want  to  debate  the  issue  of  vouchers  here,  but  1 do 
want  to  repeat  an  advertisement  that  was  continually  seen  during  the  pre- 
election period.  It  went  something  like  this: 
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The  public  schools  in  California  are  doing  a poor  job  at  educating  our 
children.  Did  you  know  that  the  California  high  school  students  score 
much  lower  than  high  school  students  from  Mississippi  on  the  college 
entrance  examinations? 

There  are  many  ways  the  thinking  in  this  advertisement  could  be  criticized 
(including  the  obvious  slur  on  the  state  of  Mississippi),  but  for  the  purpose 
of  this  discussion,  consider  only  the  nature  of  the  samples  that  are  being 
compared.  Only  students  who  are  planning  on  attending  college  take  the 
college  entrance  examinations.  A much  greater  proportion  of  high  school 
students  in  California  take  these  examinations  than  those  in  Mississippi. 
Although  1 do  not  know  what  the  actual  figures  are,  suppose  that  the  top 
40%  of  California  high  school  graduates  take  these  exams,  but  only  the  top 
10%  of  Mississippi  high  school  graduates  take  these  exams.  Can  you  see 
why  you  would  expect  Mississippi  students  to  score  higher  because  of  the 
bias  in  sampling?  There  are  other  reasons  why  we  might  expect  these  re- 
sults, which  do  not  relate  directly  to  the  quality  of  education.  California 
has  many  recent  immigrants,  which  means  many  students  whose  English 
is  not  as  good  as  that  of  native  English  speakers.  This  fact  would  also  lower 
state-wide  averages.  Again,  this  is  a sampling  problem  because  comparable 
groups  that  differ  only  on  the  variable  of  interest  (state  in  which  education 
was  obtained)  are  not  being  made.  Of  course,  it  is  possible  that  students  in 
Mississippi  are  getting  a better  education  than  those  in  California,  but  we 
cannot  conclude  this  from  these  data. 


Sample  Size 

Given  a thimbleful  of  facts,  we  rush  to  make  generalizations  as  large  as 
a tub. 

— Gordon  Allport  (1954,  p.  8) 

The  number  of  subjects  you  include  in  your  sample  is  called  the  sample 
size.  Suppose  that  treatment  Program  #1  had  six  patients/participants  and 
Program  #2  had  10  patients/participants.  Both  of  these  numbers  are  too 
small  to  determine  the  success  rate  of  the  treatments.  When  scientists  con- 
duct experiments,  they  often  use  large  numbers  of  subjects  because  the 
larger  the  sample  size,  the  more  confident  they  can  be  in  generalizing  the 
findings  to  the  population.  This  principle  is  called  the  law  of  large  num- 
bers, and  it  is  an  important  statistical  law.  if,  for  some  reason,  they  cannot 
use  a large  number  of  subjects,  they  may  need  to  be  more  cautious  or 
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conservative  in  the  conclusions  that  they  derive  from  their  research.  Al- 
though a discussion  of  the  number  of  subjects  needed  in  an  experiment  is 
beyond  the  scope  of  this  book,  it  is  important  to  keep  in  mind  that  for 
most  everyday  purposes,  we  cannot  generalize  about  a population  by  ob- 
serving how  only  a few  people  respond. 

Suppose  this  happened  to  you: 

After  months  of  deliberation  over  a new  car  purchase,  you  finally  de- 
cided to  buy  the  fuel-efficient  Ford  Focus.  You  found  that  both  Consumer 
Reports  and  Road  and  Track  magazines  gave  the  Focus  a good  rating.  It 
is  priced  within  your  budget,  and  you  like  its  "sharp"  appearance.  On 
your  way  out  the  door  to  close  the  deal,  you  run  into  a close  friend 
and  tell  her  about  your  intended  purchase.  "A  Focus!"  she  shrieks.  "My 
brother-in-law  bought  one  and  it's  a tin  can.  It's  constantly  breaking 
down  on  the  freeway.  He's  had  it  towed  so  often  that  the  rear  tires  need 
replacing." 

What  do  you  do? 

Most  people  would  have  a difficult  time  completing  the  purchase  because 
they  are  insufficiently  sensitive  to  sample  size  issues.  The  national  maga- 
zines presumably  tested  many  cars  before  they  determined  their  rating. 
Your  friend's  brother-in-law  is  a single  subject.  You  should  place  greater 
confidence  in  results  obtained  with  large  samples  than  in  results  obtained 
with  small  samples  (assuming  that  the  "experiments"  were  equally  good). 
Yet,  many  people  find  the  testimonial  of  a single  person,  especially  if  it  is 
someone  they  know,  more  persuasive  than  information  gathered  from  a 
large  sample,  especially  when  there  is  preference  for  the  results  obtained 
from  the  small  sample. 

We  tend  to  ignore  the  importance  of  having  an  adequately  large  sample 
size  when  we  function  as  intuitive  scientists.  This  is  why  testimonials  are 
so  very  powerful  in  persuading  people  what  to  do  and  believe.  However, 
testimonials  are  based  on  the  experiences  of  only  one  person,  and  often 
that  person  is  usually  being  paid  to  say  that  some  product  or  purchase  is 
good.  1 would  like  to  dismiss  testimonials  and  similar  sorts  of  "evidence" 
as  hog  wash  that  no  one  would  fall  for,  but  1 know  differently.  A family 
member  spent  over  $300  in  calls  to  psychics  when  struggling  with  deci- 
sions regarding  her  critically  ill  husband.  This  was  money  that  she  did  not 
have  for  advice  that  was,  at  best,  harmless,  and,  at  worst,  caused  her  to 
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ignore  the  recommendations  of  the  hospital  staff.  I later  was  told  that  psy- 
chics are  not  permitted  to  predict  that  anyone  will  die,  so  they  gave  her 
false  hope,  which  made  the  death  even  more  difficult  to  bear.  1 am  telling 
you  this  true  personal  anecdote  because  1 hope  that  it  will  be  effective  in 
causing  you  to  think  about  the  sort  of  evidence  that  you  would  need  to 
spend  hundreds  of  dollars  for  advice  by  a paid  stranger  who  has  no  creden- 
tials or  training  in  psychology  or  science. 


Variability 

But  all  evolutionary  biologists  know  that  variation  itself  is  nature's 
only  irreducible  essence.  Variation  is  the  hard  reality,  not  a set  of  im- 
perfect measures  for  a central  tendency.  Means  and  medians  are  the 
abstractions. 

— Stephen  Jay  Gould  (1985,  para.  14) 

The  term  variability  is  used  to  denote  the  fact  that  all  people  are  not  the 
same.  Suppose  that  you  know  someone  who  "drank  a six-pack"  twice  a day 
and  lived  to  be  100  years  old.  Does  this  mean  that  the  hype  about  the  nega- 
tive effects  of  alcohol  on  health  is  wrong?  Of  course  not!  The  effect  of  al- 
cohol on  health  was  determined  by  numerous  separate  investigators  using 
large  numbers  of  subjects.  Not  everyone  responds  in  the  same  way,  or 
maintains  the  same  opinion,  or  has  the  same  abilities.  It  is  important  to 
remember  the  role  of  variability  in  understanding  results.  Our  studies  can 
tell  us,  with  some  probability,  what  is  generally  true,  but  there  will  be  indi- 
viduals who  do  not  conform  to  the  usual  pattern.  There  are  people  who 
drink  heavily  and  live  to  a ripe  old  age,  but  this  does  not  mean  that  the 
studies  that  show  that  heavy  drinking  causes  many  terminal  illnesses  are 
wrong.  It  just  means  that  people  are  different. 

There  are  many  examples  where  people  generalize  inappropriately  from 
small  samples.  In  a tragic  example,  the  teenage  son  of  a prominent  politi- 
cian in  the  United  States  committed  suicide  after  taking  a commonly  pre- 
scribed acne  medication.  The  family  was  absolutely  convinced  that  the 
suicide  was  a result  of  depression  caused  by  the  drug,  and  they  began  an 
active  campaign  to  get  the  drug  taken  off  the  market.  In  their  view,  their 
son  had  been  a normal  teen  until  he  took  the  medication,  and  soon  after 
taking  the  medication,  he  committed  suicide.  Large-scale  studies  did  not 
support  their  belief  that  teens  taking  this  drug  were  more  likely  to  be  de- 
pressed or  commit  suicide  than  similar  teens  not  taking  this  drug. 
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However,  for  the  family  of  this  teen,  their  own  tragic  experience  was  far 
more  convincing  than  data  collected  on  thousands  of  teens. 

People's  willingness  to  believe  that  results  obtained  from  a small  sample 
can  be  generalized  to  the  entire  population  is  called  the  law  of  small 
numbers  (Tversky  & Kahneman,  1974).  In  fact,  we  should  be  more  confi- 
dent when  predicting  to  or  from  large  samples  than  small  samples.  In  an 
experimental  investigation  of  this  phenomenon  (Quattrone  & Jones, 
1980),  college  students  demonstrated  their  belief  that  if  one  member  of  a 
group  made  a particular  decision,  then  the  other  members  of  that  group 
would  make  the  same  decision.  This  result  was  especially  strong  when  the 
college  students  were  observing  the  decisions  of  students  from  other  col- 
leges. Thus,  it  is  easy  to  see  how  a belief  in  the  law  of  small  numbers  can 
maintain  prejudices  and  stereotypes.  We  tend  to  believe  that  the  actions  of 
a single  group  member  are  indicative  of  the  actions  of  the  entire  group. 

Have  you  ever  heard  someone  say,  " 's  (fill  in  your  group) 

are  all  alike."?  An  acquaintance  once  told  me  that  all  Jamaicans  are  sneaky 
thieves.  She  came  to  this  conclusion  after  having  one  bad  experience  with 
a person  from  Jamaica.  Expressions  like  this  one  are  manifestations  of  the 
law  of  small  numbers.  Can  you  see  how  the  law  of  small  numbers  can  also 
explain  the  origin  of  many  prejudices  like  racism?  A single  memorable 
event  involving  a member  of  a group  with  which  we  have  little  contact  can 
color  our  beliefs  about  the  other  members  of  that  group.  Generally,  when 
you  collect  observations  about  people  and  events,  it  is  important  to  collect 
a large  number  of  observations  before  you  reach  a conclusion. 

There  is  one  exception  to  the  general  principle  that  we  need  large  samples 
in  order  to  make  valid  generalizations  about  a population.  The  one  excep- 
tion occurs  when  everyone  in  the  population  is  exactly  the  same.  If,  for 
example,  everyone  in  the  population  of  interest  responded  exactly  the 
same  way  to  any  question  (e.g..  Do  you  approve  of  the  death  penalty?)  or 
any  treatment  (e.g.,  had  no  "heart  attacks"  when  treated  with  a single  as- 
pirin), then  sample  size  would  no  longer  be  an  issue.  Of  course,  all  people 
are  not  the  same.  You  may  be  thinking  that  this  was  a fairly  dumb  state- 
ment because  everyone  knows  that  people  are  different.  Unfortunately, 
research  has  shown  that  most  of  us  tend  to  underestimate  the  variability  of 
groups  with  which  we  are  unfamiliar. 

Minorities  who  are  members  of  any  group  often  report  that  the  leader  or 
other  group  members  will  turn  to  them  and  ask,  "What  do  African  Ameri- 
cans (or  women,  or  Hispanics,  or  Asians,  or  whatever  the  minority  is)  think 
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about  this  issue?"  It  is  as  though  the  rest  of  the  group  believes  that  the  few 
minority  members  of  their  group  can  speak  for  the  minority  group  as  a 
whole.  This  is  a manifestation  of  the  belief  that  groups  other  than  the  ones 
to  which  we  belong  are  much  more  homogeneous  (less  variable)  than  the 
groups  to  which  we  belong.  The  ability  to  make  accurate  predictions  de- 
pends, in  part,  on  the  ability  to  make  accurate  assessments  of  variability.  It 
is  important  to  keep  the  concept  of  variability  in  mind  whenever  you  are 
testing  hypotheses,  either  formally  in  a research  setting,  or  informally  as 
you  try  to  determine  relationships  in  everyday  life. 


Science  versus  Science  Fiction 


Science  is  a method  for  understanding;  it  is  a way  of  "knowing"  about  the 
world.  Data  (or  evidence)  are  at  the  heart  of  the  scientific  method  but  not 
just  "any  old"  data  or  evidence — data  or  evidence  that  were  collected  under 
controlled  conditions,  data  that  can  be  openly  scrutinized,  and  data  that 
can  be  replicated.  Consider,  for  example,  the  hypothesis  that  there  are  psy- 
chics who  can  accurately  predict  future  events.  What  sort  of  data  or 
evidence  would  convince  you  that  at  least  some  people  have  psychic 
powers? 


Amazing  and  Not  True 

I have  been  told  by  believers  in  psychics  that  they  have  good  data — a psy- 
chic made  amazingly  true  predictions  about  their  lives.  Testimonials  by 
one  or  even  several  people  are  offered  as  evidence  that  psychics  exist.  Be- 
lievers claim  that  they  "know"  psychics  have  true  powers  because  they 
"saw  it  with  their  own  eyes."  (If  you  have  already  read  the  chapter  on 
memory,  then  you  know  that  eye  witness  testimony  can  be  highly  inac- 
curate, an  important  fact,  but  not  the  main  point  in  this  discussion.)  I like 
to  remind  them  that  they  also  saw  Mr.  Ed,  the  talking  horse  who  had  his 
own  television  show  and  a talking  pig  in  the  children's  classic  move  Babe, 
just  to  name  two  examples;  do  they  believe  that  there  are  horses  and  pigs 
that  can  talk? 

I like  to  begin  my  college  classes  in  critical  thinking  by  demonstrating  my 
own  amazing  psychic  powers.  Each  semester,  before  the  start  of  the  first 
class,  I check  my  class  roster  and  then  look  up  some  of  the  students  in  the 
university  records.  The  records  include  date  of  birth  and  sometimes 
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information  about  siblings  (if  they  are  also  students),  so  I can  determine 
the  astrological  sign  and  some  family  information  for  the  students  enrolled 
in  my  class.  I then  amaze  students  by  asking  a series  of  questions  that  lead 
up  to  my  ability  to  name  students  I have  never  met  and  tell  them  their 
astrological  sign  and  some  family  information.  (Let's  see — 1 am  getting  the 
feeling  that  you  are  a Taurus.  Your  name — don't  tell  me — it's  something 
like  Jean  or  Jane,  no  wait,  it's  Jackie,  isn't  it?  1 also  see  a family  picture  with 
a younger  sister  in  it.  Is  that  correct?  And  her  name  is  Latisha,  right?  And 
so  on.)  It  is  really  an  easy  trick;  yet,  students  wonder  how  1 was  able  to 
know  so  much  about  people  1 have  never  met.  The  fact  that  1 could  tell 
students  their  name,  astrological  sign,  and  other  information  might  look 
like  evidence  in  support  of  psychic  phenomena,  and  without  appropriate 
controls,  it  is  a very  easy  trick. 


Cold  Reading 

There  are  many  people  who  claim  to  be  psychics  or  clairvoyants — some 
even  claim  to  be  able  to  speak  with  the  dead.  1 think  we  can  all  understand 
the  pain  of  grieving  relatives  who  really  want  to  believe  that  they  can  talk 
to  the  dead.  Televised  shows  have  sometimes  shown  a portion  of  the  se- 
ance or  session  with  the  dead.  Typically,  viewers  will  see  only  a few  minutes 
of  a session  that  may  last  for  several  hours — usually  a portion  where  the 
psychic  made  a successful  prediction  like,  "the  person  you  are  trying  to 
contact — is  it  a parent?"  What  we  do  not  see  is  the  many  instances  where 
questions  like  this  one  are  incorrect.  As  explained  earlier,  James  Randi  has 
offered  a $1,000,000  challenge  to  anyone  who,  "under  proper  observing 
conditions,"  can  show  evidence  of  "paranormal,  supernatural,  or  occult 
power."  The  Australian  Skeptics  Society  also  offers  a cash  prize  of  $100,000 
for  any  proven  demonstration  of  psychic  powers.  No  one  has  collected  ei- 
ther of  these  two  prizes.  Ray  Hyman,  a psychologist  who  studies  ways  to 
debunk  psychics,  explains  how  they  "read"  your  mind,  "speak  with  the 
dead,"  and  other  similar  shows.  The  technique  is  called  "cold  reading."  The 
psychic  relies  on  body  language  and  basic  statistical  information  (e.g., 
common  boys'  names  that  start  with  a known  letter).  He  offers  these 
13  points  for  amazing  your  own  friends  with  cold  reading  (Hyman,  1977): 

1.  Look  confident — act  as  though  you  believe  in  what  you  are  doing. 

2.  Use  polls,  surveys,  and  statistical  abstracts — predict  attitudes  from  a 
person's  educational  level  and  religion. 

3.  Stage  the  reading — make  no  excessive  claims;  be  modest. 
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4.  Gain  the  subject's  cooperation — make  the  subject  try  to  find  truth 
in  what  you  say. 

5.  Use  a gimmick — crystal  balls  and  palm  reading  are  good. 

6.  Have  a list  of  stock  phrases  available — there  are  fortune  telling  and 
other  manuals  that  have  lots  of  good  ones. 

7.  Use  your  eyes — observe  clothing,  jewelry,  speech — , these  can  be 
good  hints. 

8.  Fish — get  the  subject  to  tell  about  him  or  herself. 

9.  Listen — subjects  want  to  talk  about  themselves. 

10.  Be  dramatic — ham  it  up  for  effect. 

11.  Pretend  to  know  more  than  you  are  saying — subject  will  assume 
you  do. 

12.  Flatter  the  subject — people  love  flattery. 

13.  Always  tell  the  subject  what  she  or  he  wants  to  hear. 

Hyman  also  suggests  some  "stock  Spiels"  that  make  a plausible  case  for 
your  ability  to  "read"  people.  For  example,  here  is  one  suggestion. 

Does  it  accurately  reflect  your  personality?  Some  of  your  aspirations 
tend  to  be  pretty  unrealistic.  At  times  you  are  extroverted,  affable,  and 
sociable,  while  at  other  times  you  are  introverted,  wary,  and  reserved. 
You  have  found  it  unwise  to  be  too  frank  in  revealing  yourself  to  oth- 
ers. You  pride  yourself  on  being  an  independent  thinker  and  do  not 
accept  others'  opinions  without  satisfactory  proof.  You  prefer  a certain 
amount  of  change  and  variety  and  become  dissatisfied  when  hemmed 
in  by  restrictions  and  limitations.  At  times  you  have  serious  doubts  as 
to  whether  you  have  made  the  right  decision  or  done  the  right  thing. 
Disciplined  and  controlled  on  the  outside,  you  tend  to  be  worrisome 
and  insecure  on  the  inside. 

People  who  talk  to  the  dead,  read  palms  or  tea  leaves  (pattern  of  tea  leaves 
left  in  a cup  after  you  drink  from  it),  and  have  visited  beings  from  other 
planets  use  similar  methods  when  providing  evidence  of  their  unusual 
abilities.  Remember,  just  because  it  looks  like  someone  has  made  a rabbit 
appear  from  the  inside  of  a hat  does  NOT  mean  that  is  what  really  hap- 
pened. Magic  tricks  and  science  fiction  can  be  great  fun,  but  they  are  not 
substitutes  for  critical  thinking.  If  there  is  only  one  goal  that  1 could  have 
for  readers  of  this  book,  it  is  that  you  come  to  value  data  and  evidence  for 
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the  purpose  of  making  sound  decisions.  It  may  be  the  most  critical  part  of 
critical  thinking. 


Determining  Cause 


• Do  you  believe  that  children  who  are  neglected  become  teenage 
delinquents? 

• Does  jogging  relieve  depression? 

• Will  a diet  that  is  low  in  fat  increase  longevity? 

• Do  clothes  make  the  man? 

• Will  strong  spiritual  beliefs  give  you  peace  of  mind? 

• Does  critical  thinking  instruction  improve  how  you  think  outside 
the  classroom? 

All  of  these  questions  concern  a causal  relationship  in  which  one  variable 
(e.g.,  neglect)  is  believed  to  cause  another  variable  (e.g.,  delinquency).  What  sort 
of  information  do  we  need  to  determine  the  truth  of  causal  relationships? 

Isolation  and  Control  of  Variables 

Stop  and  think  for  a minute  about  the  way  you  would  go  about  deciding 
if  neglecting  children  causes  them  to  become  delinquent  when  they  are 
teenagers.  You  could  decide  to  conduct  a long-term  study  in  which  you 
would  divide  children  into  groups — telling  some  of  their  parents  to  cater 
to  their  every  need,  others  to  neglect  them  occasionally,  and  still  others 
to  neglect  their  children  totally.  You  could  require  everyone  to  remain 
in  their  groups,  catering  to  or  neglecting  their  children  as  instructed  until 
the  children  reach  their  teen  years,  at  which  time  you  could  count  up  the 
number  of  children  in  each  group  who  became  delinquents.  Remember, 
of  course,  that  you  would  have  to  define  operationally  the  term  “delin- 
quent." This  would  be  a good,  although  totally  unrealistic,  way  to  decide 
if  neglect  causes  delinquency.  It  is  a good  way  because  this  method  would 
allow  you  to  control  how  much  neglect  each  child  received  and  to  isolate 
the  cause  of  delinquency,  as  this  would  be  the  only  systematic  difference 
among  the  people  in  each  group.  It  is  unrealistic  to  the  point  of  being 
ludicrous,  because  very  few  people  would  comply  with  your  request  to 
cater  to  or  neglect  their  children.  Furthermore,  it  would  also  be  unethical 
to  ask  people  to  engage  in  potentially  harmful  behaviors. 
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In  some  experimental  settings,  it  is  possible  to  isolate  and  control  the 
variables  that  interest  you.  If  you  wanted  to  know  if  grading  students  for 
course  work  will  make  college  students  work  harder  and  therefore  learn 
more,  you  could  randomly  assign  college  students  to  different  grading 
conditions.  Half  the  students  could  be  graded  as  pass  or  fail  (no  letter 
grades),  while  the  other  students  would  receive  traditional  letter  grades 
(A,  B,  C,  D,  or  F).  At  the  end  of  the  semester,  all  students  would  take  the 
same  final  exam.  If  the  average  final  exam  scores  of  the  students  who 
received  grades  were  statistically  significantly  higher  than  of  the  students 
in  the  pass/fail  condition,  we  could  conclude  that  grades  do  result  in 
greater  learning.  (See  the  chapter  on  probability  for  a discussion  of  signifi- 
cant differences.) 

Can  you  see  why  it  is  so  important  to  be  able  to  assign  students  at  random 
to  either  the  graded  or  pass/fail  conditions  instead  of  just  letting  them  pick 
the  type  of  grading  they  want?  It  is  possible  that  the  students  who  would 
pick  the  pass/fail  grading  are  less  motivated  or  less  intelligent  than  the 
students  who  would  prefer  to  get  grades  or  vice  versa.  If  the  students  could 
pick  their  own  grading  condition,  we  would  not  know  if  the  differences  we 
found  were  due  to  the  differences  in  grading  practices,  due  to  differences 
in  motivation  or  intelligence,  or  due  to  some  other  variable  that  differs 
systematically  as  a function  of  which  grading  condition  the  students  select. 
If  we  cannot  use  random  assignment,  then  we  usually  cannot  make  any 
causal  claims. 

Let's  return  to  the  question  of  whether  child  neglect  causes  delinquency. 
Given  the  constraint  that  you  cannot  tell  parents  to  neglect  their  children, 
how  would  you  go  about  deciding  if  child  neglect  causes  delinquency?  You 
could  decide  to  find  a group  of  parents  and  ask  each  about  the  amount  of 
care  he  or  she  gives  to  each  child.  Suppose  you  found  that,  in  general,  the 
more  that  children  are  neglected,  the  more  likely  they  are  to  become  teen- 
age delinquents.  Because  you  lost  control  over  your  variables  by  not  assign- 
ing parents  to  catering  and  neglecting  groups,  it  is  not  possible,  on  the 
basis  of  this  experiment  alone,  to  conclude  that  neglect  causes  delinquency. 
It  is  possible  that  parents  who  neglect  their  children  differ  from  caring 
parents  in  other  ways.  Parents  who  tend  to  neglect  their  children  may  also 
encourage  drug  use,  or  engage  in  other  life  style  activities  that  contribute 
to  the  development  of  teenage  delinquency.  A point  that  is  made  in  several 
places  in  this  book  is  that  just  because  two  variables  occur  together  (in  this 
example,  neglect  and  delinquency),  it  does  not  necessarily  mean  that  one 
caused  the  other  to  occur. 
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Three-Stage  Experimental  Designs 

When  researchers  want  to  be  able  to  make  strong  causal  claims,  they  use  a 
three-stage  experimental  design.  An  experimental  design  is  a plan  for  how 
observations  will  be  made. 

1.  The  first  stage  involves  creating  different  groups  that  are  going  to 
be  studied,  in  the  example  about  the  effect  of  pass/fail  grading  on 
how  much  is  learned,  the  two  groups  would  be  those  who  receive 
a letter  grade  and  those  who  receive  a grade  of  either  “pass"  or 
"fail."  it  is  important  that  the  two  groups  differ  systematically  only 
on  this  dimension.  You  would  not  want  all  the  students  in  the  let- 
ter grade  group  to  take  classes  taught  by  Professor  Longwinded 
while  those  in  the  pass/fail  group  take  classes  taught  by  Professor 
Mumbles.  One  professor  may  be  a better  teacher,  and  students  may 
learn  more  in  one  condition  than  the  other  because  of  this  con- 
founding variable.  One  way  to  avoid  this  confound  is  to  assign  half 
of  the  students  in  each  class  to  each  grading  condition  with  the 
assignment  of  students  to  either  group  done  at  random.  Strong 
causal  claims  will  involve  equating  the  groups  at  the  outset  of  the 
experiment.  The  random  assignment  of  subjects  to  groups  is  essential  in 
discovering  cause  and  effect. 

2.  The  second  stage  involves  the  application  of  the  "experimental 
treatment."  if  we  were  conducting  a drug  study,  one  group  would 
receive  the  drug,  and  the  other  group  would  not  receive  the  drug. 
Usually,  the  "nondrug"  group  would  receive  a placebo,  which 
would  look  and/  or  taste  like  the  drug,  but  would  be  chemically 
inert.  The  reason  for  using  a placebo  is  to  avoid  any  effects  of  sub- 
jects' beliefs  or  expectancies.  We  know  that  placebos  can  have  posi- 
tive effects  on  a variety  of  symptoms  (Bishop,  Jacobson,  Shaw,  & 
Kaptchuk,  2012.)  The  topic  of  expectancies  and  the  way  they  can 
bias  results  is  discussed  later  in  this  chapter. 

3.  Evaluation  is  the  final  phase.  Measurements  are  taken  and  two 
(or  more)  groups  are  compared  on  some  outcome  measure,  in 
the  grading  example,  final  examination  scores  for  students  in 
the  letter  grade  group  would  be  compared  to  the  scores  of  stu- 
dents in  the  pass/fail  group,  if  students  in  the  graded  group 
performed  significantly  better  than  the  students  in  the  other 
group,  then  we  would  have  strong  support  for  the  claim  that  one 
grading  method  caused  students  to  study  harder  and  learn  more 
than  the  other. 
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Figure  6.1  A real  advertisement  for  a placebo,  including  its  sole  ingredient  which  is 
sugar  and  the  (puzzling)  additional  fact  that  it  is  "not  for  human  consumption."  (http:// 
www.etsy.com/listing/99763771 /placebo-max-strength,  with  permission  by  Darren 
Cullen) 


Of  course,  we  are  not  always  able  to  equate  groups  at  the  outset  and  ran- 
domly assign  subjects  to  groups,  but  when  we  can,  results  can  be  used  to 
make  stronger  causal  claims  than  in  less  controlled  conditions. 

Consider  this  hypothetical  example: 

Researchers  at  Snooty  University  have  studied  the  causes  of  divorce. 
They  found  that  33%  of  recently  divorced  couples  reported  that  they 
had  serious  disagreements  over  money  during  the  two-year  period  that 
preceded  the  divorce.  The  researchers  concluded  that  disagreements 
over  money  are  a major  reason  why  couples  get  divorced.  They  go  on 
to  suggest  that  couples  should  learn  to  handle  money  disagreements  as 
a way  of  reducing  the  divorce  rate. 

What,  if  anything,  is  wrong  with  this  "line  of  reasoning"?  Plenty.  First,  we 
have  no  data  from  a comparison  group  that  did  not  divorce  (i.e.,  no  control 
group).  Maybe  33%  of  all  families  disagree  about  money;  maybe  the  num- 
ber is  even  higher  in  families  that  stay  together.  Second,  there  is  no  reason 
to  believe  that  disagreements  over  money  caused  or  even  contributed  to 
divorce.  Maybe  couples  in  the  process  of  breaking-up  disagree  more  about 
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everything.  Third,  there  is  the  problem  of  retrospective  review,  a topic  that 
is  discussed  in  the  next  section.  Studies  like  this  one  are  found  everywhere 
from  radio  talk  shows,  to  news  reports,  to  scientific  journals,  and  to  peo- 
ple's casual  examinations  of  life.  If  you  rely  on  the  principles  of  hypothesis 
testing  to  interpret  findings  like  this  one,  you  are  less  likely  to  be 
bamboozled. 


Using  the  Principles  of  Isolation  and  Control 

In  an  earlier  chapter,  I presented  Piaget's  notion  that  people  who  have  at- 
tained the  highest  level  of  cognitive  development  can  reason  about  hypo- 
thetical situations.  Piaget  called  the  highest  level  of  cognitive  development 
the  Formal  Stage  of  thought.  He  developed  several  different  tasks  that 
could  be  used  to  identify  people  who  could  think  at  this  level.  If  you  al- 
ready read  Chapter  4,  then  you  will  recall  the  "combinatorial  reasoning" 
task  devised  by  Piaget.  It  required  a planful  and  orderly  procedure  for 
combining  objects.  Another  one  of  Piaget's  tasks  involved  using  the  prin- 
ciples of  isolation  and  control  that  are  integral  to  hypothesis  testing.  Try 
this  task. 

Bending  Rods:  This  task  is  to  determine  which  of  several  variables  affects 
the  flexibility  of  rods.  Imagine  that  you  are  given  a long  vertical  bar  with 
12  rods  hanging  from  it.  Each  rod  is  made  of  brass,  copper,  or  steel.  The 
rods  come  in  two  lengths  and  two  thicknesses.  Your  task  is  to  find  which 
of  the  variables  (material,  length,  or  thickness)  influence  how  much  the 
rods  will  bend.  You  can  test  this  by  pressing  down  on  each  rod  to  see  how 
much  it  bends.  You  may  perform  as  many  comparisons  as  you  like  until 
you  can  explain  what  factors  are  important  in  determining  flexibility.  It 
may  help  you  to  visualize  the  set  up  as  presented  in  Figure  6.2. 

What  do  you  need  to  do  to  prove  that  length,  or  diameter,  or  the  material 
the  rods  are  constructed  from  or  some  combination  of  these  variables  is 
important  in  determining  flexibility?  Stop  now  and  write  out  your  answer 
to  this  problem.  Do  not  go  on  until  you  have  finished  this  problem. 

Bending  Rods:  How  did  you  go  about  exploring  the  effect  of  length,  di- 
ameter, and  material  on  rod  flexibility?  In  order  to  solve  this  problem,  you 
had  to  consider  the  possible  factors  that  contribute  to  rod  flexibility  and 
then  systematically  hold  constant  all  of  the  variables  except  one.  This  is  a 
basic  concept  in  experimental  methods.  If  you  wanted  to  know  if  material 
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Figure  6.2  Bending  rods.  How  would  you  determine  whether  material,  length,  or 
thickness  affects  rod  flexibility? 

was  an  important  factor,  which  rods  would  you  test?  You  would  bend  a 
brass  rod,  a copper  rod,  and  a steel  rod  of  the  same  length  and  diameter. 
This  would  hold  constant  the  length  and  diameter  variables  while  testing 
the  material  variable.  Some  possible  tests  of  this  would  be  to  compare  flex- 
ibility between  the  short  and  wide  brass,  copper,  and  steel  rods.  Similarly, 
if  you  wanted  to  find  out  if  length  is  important,  you  would  bend  a short 
and  a long  rod  of  the  same  diameter  that  was  constructed  with  the  same 
material.  An  example  of  this  would  be  to  compare  the  short  and  wide  cop- 
per rod  with  the  long  and  wide  copper  rod. 

How  would  you  decide  if  diameter  influences  rod  flexibility?  By  now  it 
should  be  clear  that  you  would  compare  two  rods  of  the  same  material  and 
length  and  different  diameters.  You  could  test  this  by  bending  a short  and 
wide  steel  rod  with  a short  and  thin  steel  rod.  Thus,  you  should  be  able  to 
recognize  that  the  same  principles  used  in  hypothesis  testing  were  needed 
in  this  task  and  be  able  to  apply  them  correctly  in  order  to  solve  this  seem- 
ingly unrelated  problem. 
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Prospective  and  Retrospective  Research 

Consider  a medical  example:  Some  health  psychologists  believe  that  certain 
stressful  experiences  can  cause  people  to  develop  cancer.  If  this  were  your  hy- 
pothesis, how  would  you  determine  its  validity?  One  way  would  be  to  ask 
cancer  patients  if  they  had  anything  particularly  stressful  happen  to  them  just 
before  they  were  diagnosed  as  having  cancer.  If  the  stress  caused  the  cancer,  it 
would  have  to  precede  the  development  of  cancer.  When  experiments  are 
conducted  in  this  manner,  they  are  called  retrospective  experiments.  Ret- 
rospective experiments  lookback  in  time  to  understand  causes  for  later  events. 
There  are  many  problems  with  this  sort  of  research.  As  discussed  in  the  mem- 
ory chapter,  memories  are  selective  and  malleable.  It  is  possible  that  knowl- 
edge of  one's  cancer  will  change  how  one's  past  is  remembered.  Moderately 
stressful  events  like  receiving  a poor  grade  in  a college  course  may  be  remem- 
bered as  being  traumatic.  Happier  events,  like  getting  a raise,  may  be  forgotten. 
It  is  even  possible  that  the  early  stages  of  the  cancer  were  causing  stress  instead 
of  the  stress  causing  the  cancer.  Thus,  it  will  be  difficult  to  determine  if  stress 
causes  cancer  from  retrospective  research. 

A better  method  for  understanding  causative  relationships  is  prospective 
research.  In  prospective  research,  you  identify  possible  causative  factors 
when  they  occur  and  then  look  forward  in  time  to  see  if  the  hypothesized 
result  occurs.  In  a prospective  study,  you  would  have  many  people  record 
stressful  life  events  when  they  occur  (e.g.,  death  of  a spouse,  imprison- 
ment, loss  of  a job)  and  then  see  which  people  develop  cancer.  If  the  people 
who  experience  more  stressful  events  are  more  likely  to  develop  cancer, 
this  result  would  provide  support  for  your  hypothesis. 

Most  of  the  research  we  conduct  as  intuitive  scientists  is  retrospective.  We  often 
seek  explanations  for  events  after  they  have  occurred.  How  many  times  have 
you  tried  to  understand  why  a seemingly  angelic  child  committed  a serious 
crime,  or  why  a star  rookie  seems  to  be  losing  his  touch,  or  why  the  underdog 
in  a political  race  won?  Our  retrospective  attempts  at  explanations  are  biased  by 
selective  memories  and  lack  of  systematic  observations.  (See  the  section  on 
hindsight  in  the  decision-making  skills  chapter  for  a related  discussion.) 


Correlation  and  Cause 

The  process  by  which  children  turn  experience  into  knowledge  is  ex- 
actly the  same,  point  for  point,  as  the  process  by  which  those  whom  we 
call  scientists  make  scientific  knowledge. 


-John  Holt  (1964,  p.  93) 
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What  you  are  about  to  read  is  absolutely  true:  As  the  weight  of  children 
increases,  so  does  the  number  of  items  that  they  are  likely  to  get  correct  on 
standardized  tests  of  intelligence.  In  other  words,  heavier  children  answer 
more  questions  correctly  than  lighter  ones.  Before  you  start  stuffing  mashed 
potatoes  into  your  children  in  an  attempt  to  make  them  smarter,  stop  and 
think  about  what  this  means.  Does  it  mean  that  gaining  weight  will  make 
children  smarter?  Certainly  not!  Children  get  heavier  as  they  get  older,  and 
older  children  answer  more  questions  correctly  than  younger  ones. 

In  this  example,  the  variables  weight  and  number  of  questions  answered 
correctly  are  related.  An  increase  in  one  variable  is  associated  with  an  in- 
crease in  the  other  variable — as  weight  increases  the  number  of  questions 
answered  correctly  concomitantly  increases.  Correlated  variables  are 
two  or  more  variables  that  are  related.  If  you've  already  read  the  previous 
chapter  on  analyzing  arguments,  then  you  should  recognize  this  concept 
as  the  Fallacy  of  False  Cause. 

People  frequently  confuse  correlation  with  causation.  Consider  the  follow- 
ing example:  Wally  and  Bob  were  arguing  about  the  inheritance  of  intelli- 
gence. Wally  thought  about  everyone  he  knew  and  concluded  that  since 
smart  parents  tend  to  have  smart  children,  and  dumb  parents  tend  to  have 
dumb  children,  intelligence  is  therefore  an  inherited  characteristic.  Bob 
disagreed  with  Wally's  line  of  reasoning,  although  he  concurred  with  the 
facts  that  Wally  presented.  He  agreed  that  if  the  parents  score  high  on  intel- 
ligence tests,  then  their  children  will  also  tend  to  score  high,  and  if  the 
parents  score  low  on  intelligence  tests,  then  their  children  will  also  tend  to 
score  low.  When  two  measures  are  related  in  this  way,  that  is  they  tend  to 
rise  and  fall  together,  they  have  a positive  correlation.  Although  par- 
ents' intelligence  and  their  children's  intelligence  are  positively  correlated, 
we  cannot  infer  that  parents  caused  their  children  (through  inheritance  or 
any  other  means)  to  be  intelligent.  It  is  possible  that  children  affect  the 
intelligence  of  their  parents,  or  that  both  are  being  affected  by  a third  vari- 
able that  has  not  been  considered.  It  is  possible  that  diet,  economic  class, 
or  other  life  style  variables  determine  intelligence  levels,  and  since  parents 
and  children  eat  similar  diets  and  have  the  same  economic  class,  they  tend 
to  be  similar  in  intelligence.  In  understanding  the  relationship  between 
two  correlated  variables,  it  is  possible  that  variable  A caused  the  changes  in 
variable  B (A->B),  or  that  variable  B caused  the  changes  in  variable  A 
(B->A),  or  that  both  A and  B caused  changes  in  each  other  (A->B  and  B->A), 
or  that  both  were  caused  by  a third  variable  C (C->A  and  C->B).  Of  course, 
it  also  possible  that  you  found  two  variables  that  are  related  just  by  chance, 
and  if  you  repeated  the  study,  they  would  not  be  correlated. 
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Let's  consider  a different  example.  Many  people  have  taken  up  jogging 
in  the  belief  that  it  will  help  them  to  lose  weight.  The  two  variables  in 
this  example  are  exercise  and  weight.  I have  heard  people  argue  that 
because  there  are  no  fat  athletes  (except  perhaps  sumo  wrestlers),  exer- 
cise must  cause  people  to  be  thin.  I hope  that  you  can  think  critically 
about  this  claim.  It  does  seem  to  be  true  that  exercise  and  weight  are 
correlated.  People  who  tend  to  exercise  a great  deal  also  tend  to  be  thin. 
This  sort  of  correlation,  in  which  the  tendency  to  be  high  on  one  vari- 
able (exercise)  is  associated  with  the  tendency  to  be  low  on  the  other 
variable  (weight)  is  called  a negative  correlation.  Let's  think  about 
the  relationship  between  exercise  and  weight.  There  are  several  possi- 
bilities: (1)  It  is  possible  that  exercise  causes  people  to  be  thin;  or  (2)  It 
is  possible  that  people  who  are  thin  tend  to  exercise  more  because  it  is 
more  enjoyable  to  engage  in  exercise  when  you  are  thin;  or  (3)  It  is  pos- 
sible that  a third  variable,  like  concern  for  one's  health,  or  some  inher- 
ited trait,  is  responsible  for  both  the  tendency  to  exercise  and  the 
tendency  to  be  thin.  Perhaps  there  are  inherited  body  types  that  natu- 
rally stay  thin  and  also  are  graced  with  strong  muscles  that  are  well 
suited  for  exercise. 

If  you  wanted  to  test  the  hypothesis  that  exercise  causes  people  to  lose 
weight,  then  you  would  use  the  three  design  stages  described  earlier.  If  the 
subjects  who  were  assigned  at  random  to  the  exercise  group  were  thinner 
after  the  treatment  period  than  those  in  a no-exercise  condition,  then  you 
could  make  a strong  causal  claim  for  the  benefits  of  exercise  in  controlling 
weight. 

Actually,  the  question  of  causation  is  usually  complex.  It  is  probably  more 
accurate  to  use  the  word  "influence"  instead  of  cause  because  there  is  usu- 
ally more  than  a single  variable  that  affects  another  variable.  Recent 
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research  has  found  that  when  states  decriminalize  the  use  of  marijuana, 
traffic  fatalities  are  reduced  (Anderson  & Rees,  2011).  How  can  that  hap- 
pen? According  to  the  researchers,  alcohol  use  decreases  when  marijuana  is 
legally  available,  and  it  is  the  decrease  in  alcohol  consumption  that  reduces 
traffic  fatalities.  In  this  example.  Variable  A,  decriminalizing  marijuana, 
caused  a change  in  a third  variable,  alcohol  consumption,  and  it  was  the 
third  variable  that  influenced  Variable  B,  the  reduction  in  traffic  fatalities. 

Illusory  Correlation 

An  amusing  anecdote  of  attributing  cause  to  events  that  occur  together  was 
presented  by  Munson  (1976): 

A farmer  was  traveling  with  his  wife  on  a train  when  he  saw  a man 
across  the  aisle  take  something  out  of  a bag  and  begin  eating  it.  “Say, 
Mister,"  he  asked,  "What's  that  thing  you're  eating?" 

"It's  a banana,"  the  man  said,  "Here,  try  one." 

The  farmer  took  it,  peeled  it,  and  just  as  he  swallowed  the  first  bite,  the 
train  roared  into  a tunnel.  "Don't  eat  any,  Maude,"  he  yelled  to  his  wife. 
"It'll  make  you  go  blind!"  (p.  277) 

Do  blondes  really  have  more  fun?  A popular  advertisement  for  hair  dye 
would  like  you  to  believe  that  having  blonde  hair  will  cause  you  to  have 
more  fun.  Many  people  believe  that  they  see  many  blondes  having  fun; 
therefore,  blondes  have  more  fun  than  brunettes  and  redheads.  The  problem 
with  this  sort  of  observation  is  that  there  are  many  blondes  who  are  not  hav- 
ing "more  fun"  (a  term  badly  in  need  of  an  operational  definition)  than 
brunettes,  but  because  they  are  at  home  or  in  other  places  where  you  are 
unlikely  to  see  them,  they  don't  get  considered.  The  term  illusory  correla- 
tion refers  to  the  erroneous  belief  that  two  variables  are  related  when,  in  fact, 
they  are  not.  Professionals  and  nonprofessionals  alike  maintain  beliefs  about 
relationships  in  the  world.  These  beliefs  guide  the  kinds  of  observations  we 
make  and  how  we  determine  if  a relationship  exists  between  two  variables. 

Validity 

The  validity  of  a measure  is  usually  defined  as  the  extent  to  which  it 
measures  what  you  want  it  to  measure.  If  1 wanted  to  measure  intelligence 
and  measured  the  length  of  your  big  toe,  this  would  obviously  be  invalid. 
Other  examples  of  validity  are  less  obvious.  A popular  radio  commercial 
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touting  the  benefits  of  soup  points  out  that  tomato  soup  has  more  Vita- 
min A than  eggs.  This  is  true,  but  it  is  not  a valid  measure  of  the  goodness 
of  tomato  soup.  Eggs  are  not  a good  source  of  Vitamin  A.  Thus,  the 
wrong  comparisons  were  made,  and  the  measure  does  not  support  the 
notion  that  soup  is  an  excellent  food.  If  you  have  already  read  the  previ- 
ous chapter  "Analyzing  Arguments,"  then  you  should  realize  that  the 
claim  that  tomato  soup  has  more  Vitamin  A than  eggs  does  not  support 
the  conclusion  that  "soup  is  good  food."  It  may  well  be  true  that  soup  is 
an  excellent  source  of  vitamins,  but  claims  like  this  one  do  not  support 
that  conclusion. 


Convergent  Validity 

When  several  different  measures  all  converge  onto  the  same  conclusion, 
the  measures  are  said  to  have  convergent  validity.  If,  for  example,  you 
wanted  to  measure  charisma — the  psychological  trait  that  is  something 
more  than  charm  that  people  as  diverse  as  Beyonce,  Justin  Bieber,  and  Jen- 
nifer Lopez  are  said  to  possess — you  would  need  convergent  validity  for 
your  measure.  People  who  scored  high  on  your  charisma  test  should  also 
be  the  ones  who  are  selected  for  leadership  positions  and  have  other  per- 
sonality traits  that  are  usually  associated  with  charisma.  If  the  class  wall- 
flower scored  high  on  your  test  of  charisma,  you  would  need  to  rethink  the 
validity  of  your  test. 

Intuitive  scientists  also  need  to  be  mindful  of  the  need  for  convergent  va- 
lidity. Before  you  decide  that  your  classmate,  Willa  Mae,  is  shy  because  she 
hesitates  to  talk  to  you,  you  need  to  determine  if  she  acts  shy  with  other 
people  in  other  places.  If  she  frequently  speaks  up  in  class,  you  would  not 
want  to  conclude  that  she  is  a shy  person  because  this  inconsistency  in  her 
behavior  would  signal  a lack  of  convergent  validity.  The  idea  of  convergent 
validity  is  very  similar  to  the  topic  of  convergent  argument  structures  that 
was  presented  in  the  previous  chapter.  If  you  have  already  read  the  chapter 
"Analyzing  Arguments",  then  you  should  recall  that  the  strength  of  an 
argument  is  increased  when  many  premises  support  (or  converge  on)  a 
conclusion.  This  is  exactly  the  same  situation  as  when  several  sources  of 
evidence  support  the  same  hypothesis.  The  language  used  in  these  two 
chapters  is  different  (support  for  a conclusion  versus  support  for  a hypoth- 
esis), but  the  underlying  ideas  are  the  same:  the  more  reasons  or  evidence 
we  can  provide  for  believing  that  something  is  true,  the  greater  the  confi- 
dence we  can  have  in  our  belief. 
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Illusory  Validity 

Everyone  complains  of  his  memory  and  no  one  complains  of  his 

judgment. 

— Francois  La  Rochefoucauld  (1613-1680) 

Both  professionals  and  nonprofessionals  place  great  confidence  in  their 
conclusions  about  most  life  events,  even  when  their  confidence  is  objec- 
tively unwarranted.  Overconfidence  in  judgments  is  called  illusory  va- 
lidity. in  an  experimental  investigation  of  this  phenomenon,  Oskamp 
(1965)  found  that  as  clinicians  were  given  more  information  about  pa- 
tients, they  became  more  confident  in  the  judgments  they  made  about 
patients.  What  is  interesting  about  this  result  is  they  were  not  more  accu- 
rate in  judgment,  only  more  confident  that  they  were  right.  Why  do  peo- 
ple place  confidence  in  fallible  judgments?  There  are  several  reasons  why 
we  persist  in  maintaining  confidence  in  our  judgments.  A primary  factor  is 
the  selective  nature  of  memory.  Consider  this  personal  vignette:  As  a child, 
1 would  watch  Philadelphia  Phillies  baseball  games  on  television  with  my 
father.  As  each  batter  would  step  up  to  home  plate,  my  father  would  excit- 
edly yell,  "He's  going  to  hit  a home  run,  1 just  know  it!"  Of  course,  he  was 
usually  wrong.  (Phillies  fans  had  to  be  tough  in  the  60s.)  On  the  rare  occa- 
sions when  a Phillies  batter  actually  did  hit  a home  run,  my  father  would 
talk  about  it  for  weeks.  "Yep,  1 knew  as  soon  as  he  stepped  up  to  home  plate 
that  he  would  hit  a home  run.  1 can  always  tell  just  by  looking  at  the  bat- 
ter." in  this  instance,  and  countless  others,  we  selectively  remember  our 
successful  judgments  and  forget  our  unsuccessful  ones.  This  tends  to  bol- 
ster confidence  in  the  judgments  we  make. 

A second  reason  for  the  illusion  of  validity  is  the  failure  to  seek  or  consider 
disconfirming  evidence.  (See  the  chapter  on  decision  making  for  an  addi- 
tional discussion  of  this  phenomenon.)  This  is  the  primary  reason  why 
people  tend  to  believe  that  variables  are  correlated  when  they  are  not.  Sup- 
pose that  you  have  the  job  of  personnel  officer  in  a large  corporation.  Over 
a period  of  a year,  you  hire  100  new  employees  for  your  corporation.  How 
would  you  go  about  deciding  if  you're  making  good  (valid)  hiring  decisions? 
Most  people  would  check  on  the  performance  of  the  100  new  employees. 
Suppose  that  you  did  this  and  found  that  92%  of  the  new  employees  were 
performing  their  jobs  in  a competent,  professional  manner.  Would  this  bol- 
ster your  confidence  in  your  judgments?  if  you  answered  yes  to  this  ques- 
tion, you  forgot  to  consider  disconfirming  evidence.  What  about  the  people 
you  didn't  hire?  Have  most  of  them  gone  on  to  become  Vice  Presidents  at 
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General  Motors?  If  you  found  that  100%  of  the  people  you  did  not  hire  are 
superior  employees  at  your  competitor's  corporation,  you  would  have  to  re- 
vise your  confidence  in  your  judgmental  ability. 

Part  of  the  reason  that  we  fail  to  utilize  disconfirming  evidence  is  that  it  is 
often  not  available.  Personnel  officers  do  not  have  information  about  the 
employees  they  did  not  hire.  Similarly,  we  do  not  know  much  about  the 
person  we  chose  not  to  date,  or  the  course  we  did  not  take,  or  the  house 
we  did  not  buy.  Thus,  on  the  basis  of  partial  information,  we  may  conclude 
that  our  judgments  are  better  than  they  objectively  are. 

In  a scathing  review  of  the  Rorschach  test,  commonly  known  as  the  inkblot 
test  because  subjects  are  asked  to  tell  what  they  see  in  amorphous,  symmetri- 
cal blots  of  ink,  Dawes  (1994)  concluded  that  it  is  not  a valid  measure  of 
mental  functioning.  A recent  review  of  the  Rorschach  arrived  at  the  same 
conclusion  (Wood,  Nezworski,  Lilienfeld,  & Garbm,  2008).  That  is,  there  is 
no  evidence  that  it  is  useful  in  diagnosing  or  treating  mental  disorders 
(although  it  is  possible  to  determine  if  someone  gives  unusual  answers). 
This  means  that  the  Rorschach  has  no  validity.  Despite  these  empiri- 
cal results,  Dawes  reports  that  some  psychotherapists  respond  to  this  fact 
with,  "Yes,  I know  that  it  has  no  validity,  but  I find  it  useful."  Do  you  see  why 
this  is  a ridiculous  statement?  If  it  has  no  validity,  then  it  cannot  be  useful. 
If  therapists  believe  that  it  is  useful,  they  are  fooling  themselves  and  demon- 
strating the  phenomenon  of  illusory  validity.  It  may  seem  useful  because 
they  interpret  the  responses  in  ways  that  they  believe  make  sense,  but  its 
only  real  value  is  as  a clear  demonstration  of  the  biases  that  we  maintain. 

Why  do  some  psychologists  continue  to  use  projective  tests  when  many 
reviews  of  the  literature  show  that  these  tests  are  not  valid?  Most  psycholo- 
gists genuinely  want  to  do  a good  job,  and  many  believe  that  the  tests  are 
valid  despite  the  lack  of  data  to  support  that  conclusion.  They  believe  these 
tests  are  valid  because  they  "feel  or  look  right" — the  results  confirm  what 
they  believe  to  be  true.  Few  people  will  cast  aside  their  own  sense  of  what 
is  true  for  a mass  of  cold  and  impersonal  data  collected  by  and  from  people 
they  don't  know.  In  general,  the  scientific  method  is  not  valued  when  it 
conflicts  with  our  personal  belief  system.  Humans  are  ill-equipped  to  use 
data  from  large  samples,  perhaps  because  the  only  information  that  was 
available  to  us  for  most  of  the  history  of  humankind  came  from  personal 
experience  or  the  second-hand  personal  experience  of  those  we  know.  It  is 
important  that  we  use  critical  thinking  skills  for  conclusions  that  we  like 
and  do  not  like. 
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Reliability 

Both  law  and  science  must  weigh  the  reliability  of  evidence,  the 
trustworthiness  of  experts,  and  the  probability  that  something  is  true 
beyond  a reasonable  doubt. 

— K.C.  Cole  (1995,  June  29,  p.  B2) 

The  reliability  of  a measure  is  the  consistency  with  which  it  measures 
what  it  is  supposed  to  measure,  if  you  used  a rubber  ruler  that  could  stretch 
or  shrink  to  measure  the  top  of  your  desk,  you  would  probably  get  a differ- 
ent number  each  time  you  measured  it.  Of  course,  we  want  our  measure- 
ments to  be  reliable. 

Researchers  in  the  social  and  physical  sciences  devote  a great  deal  of  time 
to  the  issue  of  reliable  measurement.  We  say  that  an  intelligence  test,  for 
example,  is  reliable  when  the  same  person  obtains  scores  that  are  in  the 
same  general  range  whenever  she  takes  the  test.  Few  of  us  even  consider 
reliability  when  we  function  as  intuitive  scientists.  When  we  decide  if  a 
professor  or  student  is  prejudiced,  we  often  rely  on  one  or  two  samples 
of  behavior  without  considering  if  the  individual  is  being  assessed 
reliably. 


Thinking  about  Errors 


To  a scientist  a theory  is  something  to  be  tested.  He  seeks  not  to  defend 
his  beliefs,  but  to  improve  them.  He  is,  above  everything  else,  an  expert 
at  changing  his  mind. 

— Wendell  Johnson,  p.  39  (1946) 

When  we  try  to  understand  relationships  by  devising  and  testing  hypoth- 
eses, we  will  sometimes  be  wrong.  This  idea  is  expanded  on  more  fully  in 
the  next  chapter,  which  concerns  understanding  probabilities.  For  now, 
consider  this  possibility:  Suppose  that  you  drive  into  work  every  day  with 
a friend.  Every  morning  you  stop  at  a drive-through  window  and  buy  cof- 
fee. You  decide  that,  instead  of  hassling  every  morning  with  who  will  pay 
("i'll  get  it — No,  no  let  me"),  he  will  flip  a coin.  When  the  outcome  is 
heads,  he  will  pay;  when  the  outcome  is  tails,  you  will  pay.  Sounds  fair 
enough,  but  on  nine  of  the  last  ten  days,  the  coin  landed  with  tails  up.  Do 
you  think  that  your  friend  is  cheating? 
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The  truth  is  that  your  friend  is  either  cheating  or  he  is  not  cheating. 
Unfortunately,  you  don't  know  which  is  true.  Nevertheless,  you  need  to 
make  a decision.  You  will  decide  either  that  he  is  cheating  or  he  is  not 
cheating.  Thus,  there  are  four  possibilities:  (1)  He  is  cheating,  and  you  cor- 
rectly decide  that  he  is  cheating;  (2)  He  is  not  cheating,  and  you  correctly 
decide  that  he  is  not  cheating;  (3)  He  is  cheating,  and  you  incorrectly  de- 
cide that  he  is  not  cheating;  and  (4)  He  is  not  cheating,  and  you  incorrectly 
decide  that  he  is  cheating.  With  these  four  possibilities,  there  are  two  ways 
that  you  can  be  right  and  two  ways  that  you  can  be  wrong.  These  four 
combinations  are  shown  in  Table  6.1. 

As  you  can  see  from  Table  6.1,  there  are  two  different  ways  that  we  can 
make  errors  in  any  hypothesis-testing  situation.  These  two  different  errors 
are  not  equally  "bad."  It  is  far  worse  to  decide  that  your  friend  is  cheating 
when  he  is  not  (especially  if  you  accuse  him  of  cheating)  than  it  is  to  decide 
that  he  is  not  cheating  when  he  is.  Thus,  you  would  want  stronger  evi- 
dence to  decide  that  he  is  cheating  than  you  would  want  to  decide  that  he 
is  not  cheating.  In  other  words,  you  need  to  consider  the  relative  "badness" 
of  different  errors  when  testing  hypotheses. 

If  you  take  a course  in  statistics  or  experimental  design,  you'll  find  that  the 
idea  of  error  "badness"  is  handled  by  requiring  different  levels  of  confi- 
dence for  different  decisions.  The  need  to  consider  different  types  of  errors 
is  found  in  many  contexts.  A basic  principle  of  our  legal  system  is  that  we 
have  to  be  very  certain  that  someone  has  committed  a crime  (beyond  a 
reasonable  doubt)  before  we  can  convict  her.  By  contrast,  we  do  not  have 


Table  6.1:  Four  possible  outcomes  for  the  "Who  Buys  the  Coffee"  Example 


You  Decide 

The  truth  is 

He  is  cheating 

He  is  not  cheating 

He  is  cheating. 

He  is  cheating,  and  you 
decide  that  he  is  cheating. 
Correct  Decision! 

He  is  cheating,  and  you 
decide  that  he  is  not 
cheating.  An  Error! 

He  is  not 
cheating. 

He  is  not  cheating,  and 
you  decide  that  he  is 
cheating.  A Serious  Error! 

He  is  not  cheating,  and  you 
decide  that  he  is  not 
cheating.  Correct  Decision! 

Note.  The  error  associated  with  deciding  that  he  is  cheating  is  more  serious  than  the 
error  associated  with  deciding  that  he  is  not  cheating.  Because  of  the  difference  in  the 
severity  of  the  errors,  you  will  want  to  be  more  certain  when  deciding  that  he  is  cheat- 
ing than  when  deciding  that  he  is  not  cheating. 
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to  be  convinced  beyond  a reasonable  doubt  that  she  is  innocent  because 
wrongly  deciding  that  someone  is  innocent  is  considered  a less  severe  error 
than  wrongly  deciding  that  someone  is  guilty.  Similarly,  when  you  are  test- 
ing hypotheses  informally,  you  also  need  to  be  aware  of  the  severity  of 
different  types  of  errors.  Before  you  decide,  for  example,  that  no  matter 
how  hard  you  study,  you'll  never  pass  some  course  or  that  the  medicine 
you  are  taking  is  or  is  not  making  you  better,  you  need  to  consider  the 
consequences  of  right  and  wrong  decisions.  Some  decisions  require  that 
you  should  be  more  certain  about  being  correct  than  others. 


Experience  is  an  Expensive  Teacher 

Perhaps  one  of  our  greatest  strengths  is  our  ability  to  explain.  In  one 
study,  participants  were  confronted  with  the  following  puzzle:  "If  a 
pilot  falls  from  a plane  without  a parachute,  then  the  pilot  dies.  This 
pilot  didn't  die.  Why  not?"  A perfectly  valid  deduction  would  be  that 
the  pilot  must  not  have  fallen  out  of  the  plane  without  his  parachute, 
but  many  participants  relied  instead  on  inductive  reasoning  to  answer 
the  question.  They  came  up  with  creative  explanations,  like  "The  plane 
was  on  the  ground  and  he  didn't  fall  far,"  "The  pilot  fell  into  deep  snow 
or  a deep  cushion,"  and,  Johnson-Laird's  favorite,  "The  pilot  was  already 
dead."  Humans  are  extraordinarily  good  at  this  kind  of  reasoning — ^we 
can  explain  just  about  anything. 

— Philip  Johnson-Laird  (2011,  para.7) 

Suppose  that  your  friend  shares  her  "secret"  for  curing  a cold — she  rubs  her 
stomach  with  garlic  and  the  symptoms  of  the  cold  go  away.  You  are  dubi- 
ous, but  she  persists,  "1  know  it  works.  I've  tried  it,  and  1 have  seen  it  work 
with  my  own  eyes."  1 am  certain  that  there  are  many  people  who  would 
respond  to  this  testimonial  by  rubbing  garlic  over  their  stomach,  just  as 
there  are  many  people  who  willingly  swallow  capsules  filled  with  ground 
rhinoceros  penis  to  increase  their  sexual  potency,  megavitamins  to  feel  less 
tired,  and  ginseng  root  for  whatever  ails  them.  You  may  even  join  the  ranks 
of  those  who  tout  these  solutions  because  sometimes  your  cold  will  get 
better  after  rubbing  yourself  with  garlic — sometimes  a desired  effect  follows 
some  action  (like  taking  capsules  of  ground  rhinoceros  penis).  But,  did  the 
action  cause  the  effect  that  followed  it?  This  question  can  only  be  answered 
using  the  principles  of  hypothesis  testing.  Personal  experience  cannot  pro- 
vide the  answer. 
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Dawes  (1994)  corrected  the  famous  expression  that  we  attribute  to  Benjamin 
Franklin.  It  seems  that  Franklin  did  not  say  that  “experience  is  the  best 
teacher,"  instead  he  said  "experience  is  a dear  teacher,"  with  the  word 
"dear"  meaning  expensive  or  costly.  Sometimes,  we  are  able  to  use  system- 
atic feedback  about  what  works  and  what  does  not  work  so  that  we  can  use 
our  experience  to  improve  at  some  task,  but  it  is  also  possible  to  do  the 
same  thing  over  and  over  without  learning  from  experience.  We  are  far 
better  off  using  information  that  is  generated  by  many  people  to  determine 
causal  relationships  than  to  rely  on  personal  experience  with  all  of  its  bi- 
ases and  costs. 


Anecdotes 

The  recent  medical  controversy  over  whether  vaccinations  cause  au- 
tism reveals  a habit  of  human  cognition — thinking  anecdotally  comes 
naturally,  whereas  thinking  scientifically  does  not. 

— Michael  Shermer  Quly  25,  2008,  para.  1) 

I have  a dear  friend  who  is  80  years  old  and  in  great  health.  Guess  what — 
he  smoked  a pack  of  cigarettes  just  about  every  day  for  the  last  60  years! 
Yes,  this  is  a true  story.  Can  I conclude  that  cigarette  smoking  is  (a)  good 
for  your  health,  (b)  good  for  the  health  of  some  people,  or  (c)  none  of  the 
above?  The  answer  is  (drum  roll  please)  none  of  the  above.  The  problem 
is  that  the  image  of  my  friend  is  so  vivid  and  personal  to  me  that  it  is 
tempting  to  let  it  override  the  massive  research  literature  and  conclusions 
of  just  about  every  credible  medical  society  that  smoking  is  a major  cause 
of  cancer,  heart  disease,  and  premature  death.  An  isolated  anecdote  can  be 
found  to  support  almost  any  point  of  view,  and  even  though  you  may 
already  know  this,  it  is  very  hard  to  discredit  anecdotal  evidence  (Cox  & 
Cox,  2001). 

Maybe  using  smoking  as  an  example  of  anecdotal  thinking  is  unfair  be- 
cause of  the  wide  spread  antismoking  campaigns.  So,  how  about  wheat- 
grass?  (You  can  fill  in  your  own  examples  here.)  You  probably  know 
someone  who  swears  about  the  positive  health  benefits  of  wheatgrass.  It  is 
easy  to  find  testimonials  from  people  who  claim  that  they  were  sick  and 
then  got  better  after  drinking  a juice  made  from  this  type  of  grass.  The 
National  Council  Against  Health  Fraud  (www.ncahf.org)  counters  claims 
that  it  can  "detox"  your  body  and  takes  the  clear  position  that  there  is  no 
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evidence  that  it  is  beneficial.  (You  can  check  them  out — they  are  a credible 
medical  authority.) 

Several  years  ago,  it  was  my  great  honor  to  present  testimony  to  the  United 
States  House  of  Representatives  Committee  on  Science  about  using  princi- 
ples from  the  science  of  learning  as  part  of  educational  reform.  On  the  way 
into  the  hearing  room,  a helpful  legislative  aide  coached  me  about  how  to 
provide  effective  testimony  to  the  Committee  on  Science.  More  than  once 
she  warned  me  not  to  present  too  many  numbers  because  the  Committee 
Members  tended  to  get  bored  and  confused  by  data.  She  advised  that  a 
good  story  works  best.  1 could  not  believe  that  1 should  tell  anecdotes  in  an 
attempt  to  persuade  the  United  States  House  of  Representatives  Committee 
on  Science  that  educational  methods  supported  by  research  findings  were 
more  likely  to  provide  beneficial  outcomes  than  those  that  are  not. 
Wouldn't  such  an  approach  be  insulting  to  the  highest  elected  officials  in 
the  United  States  who  are  the  national  guardians  of  science?  1 now  know 
the  answer  to  what  1 had  intended  to  be  a rhetorical  question.  Unfortu- 
nately, public  policies  are  often  made  by  anecdotes.  We  like  stories — they 
make  abstract  concepts  come  alive  and  provide  flesh  and  bones  to  colorless 
data.  Astute  readers  will  realize  that  1 began  this  paragraph  with  an  anec- 
dote. A single  vivid  example  can  often  outweigh  a huge  body  of  data  col- 
lected from  a random  sample  of  a population,  whereas  anecdotes  are 
self-selected,  based  on  a sample  size  of  1,  subject  to  all  of  the  biases  of 
memory,  and  likely  to  be  atypical  because  they  would  not  be  told  if  they 
represented  an  expected  outcome.  It  can  take  some  practice,  but  it  is  pos- 
sible to  overcome  the  tendency  to  prefer  anecdotes  to  the  conclusions  from 
carefully  controlled  research.  It  is  an  important  critical  thinking  skill. 

The  need  to  develop  the  habit  of  thinking  like  a scientist  can  be  seen  in  this 
eloquent  quote  from  Bloom  (2012): 

Consider  science.  Plainly,  scientists  are  human  and  possess  the  stan- 
dard slate  of  biases  and  prejudices  and  mindbugs.  This  is  what  skeptics 
emphasize  when  they  say  that  science  is  "just  another  means  of  know- 
ing" or  "just  like  religion."  But  science  also  includes  procedures — such 
as  replicable  experiments  and  open  debate — that  cultivate  the  capacity 
for  human  reason.  Scientists  can  reject  common  wisdom,  they  can  be 
persuaded  by  data  and  argument  to  change  their  minds.  It  is  through 
these  procedures  that  we  have  discovered  extraordinary  facts  about  the 
world. 
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Self-Fulfilling  Prophecies 


Science  is  not  simply  a collection  of  facts;  it  is  a discipline  of  thinking 
about  rational  solutions  to  problems  after  establishing  the  basic  facts 
derived  from  observations.  It  is  hypothesizing  from  what  is  known  to 
what  might  be,  and  then  attempting  to  test  the  hypotheses. 

— Rosalyn  S.  Yalow  (quoted  in  Smith,  1998,  p.  42) 

In  a classic  set  of  experiments,  Robert  Rosenthal,  a well  known  psycholo- 
gist, and  his  colleagues  (Rosenthal  & Fode,  1963)  had  their  students  train 
rats  to  run  through  mazes  as  part  of  a standard  course  in  experimental 
psychology.  Half  of  the  students  were  told  that  they  had  rats  that  had  been 
specially  bred  to  be  smart  at  learning  their  way  through  mazes,  while  the 
other  half  of  the  students  were  told  that  they  had  rats  that  had  been  spe- 
cially bred  to  be  dumb  at  this  task.  As  you  probably  expected,  the  students 
with  the  bright  rats  had  them  out-performing  the  dull  rats  in  a short  period 
of  time.  These  results  are  especially  interesting  because  there  were  no  real 
differences  between  the  two  groups  of  rats.  Rosenthal  and  Fode  lied  about 
the  rats  being  specially  bred.  All  of  the  rats  were  the  usual  laboratory  vari- 
ety. They  had  been  assigned  at  random  to  either  group.  If  there  were  no  real 
differences  between  the  groups  of  rats,  how  do  we  explain  the  fact  that 
students  who  believed  they  had  been  given  bright  rats  had  them  learn  the 
maze  faster  than  the  other  group? 

The  term  "self-fulfilling  prophecies"  has  been  coined  as  a label  for  the 
tendency  to  act  in  ways  that  will  lead  us  to  find  what  we  expected  to  find. 
1 do  not  know  what  the  students  did  to  make  the  rats  learn  faster  in  the 
"bright"  group  or  slower  in  the  "dull"  group.  Perhaps  the  bright  group  was 
given  extra  handling  or  more  food  in  the  goal  box.  (When  rats  learn  to  run 
through  mazes,  they  are  rewarded  with  food  when  they  reach  the  goal 
box.)  Maybe  the  students  given  the  "dull"  rats  dropped  them  harshly  into 
the  maze  or  were  not  as  accurate  in  the  records  that  they  kept.  Whatever 
they  did,  they  somehow  influenced  their  experimental  results  so  that  the 
results  were  in  accord  with  their  expectations. 

If  self-fulfilling  prophecies  can  influence  how  rats  run  through  mazes,  what 
sort  of  an  effect  will  it  have  on  everyday  thinking  and  behavior?  Earlier  in 
this  chapter,  illusory  correlations  were  discussed  as  the  tendency  to  believe 
that  events  that  you  are  observing  are  really  correlated  because  you  believe 
that  they  should  be.  Psychologists  are  becoming  increasingly  aware  of  the 
ways  that  personal  convictions  direct  our  selection  and  interpretation  of 
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facts.  When  you  function  as  an  intuitive  scientist,  it  is  important  to  keep 
in  mind  the  ways  we  influence  the  results  we  obtain. 

One  way  to  eliminate  the  effects  of  self-fulfilling  prophecies  is  with  double 
blind  procedures.  Let's  consider  a medical  example.  There  are  probably 
100  home  remedies  for  the  common  cold.  How  should  we  decide  which,  if 
any,  actually  relieve  cold  symptoms?  Probably,  somewhere,  sometime, 
someone  gave  you  chicken  soup  when  you  had  a cold.  Undoubtedly,  you 
got  better.  Almost  everyone  who  gets  a cold  gets  better.  The  question  is,  "Did 
the  chicken  soup  make  you  better?"  This  is  a difficult  question  to  answer 
because  if  you  believe  that  chicken  soup  makes  you  better,  you  may  rate  the 
severity  of  your  symptoms  as  less  severe  even  when  there  was  no  real 
change.  This  is  just  another  example  of  self-fulfilling  prophecies.  The  only 
way  to  test  this  hypothesis  is  to  give  some  people  chicken  soup  and  others 
something  that  looks  and  tastes  like  chicken  soup  and  then  have  each  group 
rate  the  severity  of  their  cold  s5miptoms.  In  this  example,  all  of  the  subjects 
are  unaware  or  blind  to  the  nature  of  the  treatment  they  are  receiving.  It  is 
important  that  the  experimenters  also  be  unaware  of  which  subjects  re- 
ceived the  "real"  chicken  soup  so  that  they  do  not  inadvertently  give  subtle 
clues  to  the  subjects.  Experiments  in  which  neither  the  subjects  nor  the  ex- 
perimenters know  who  is  receiving  the  treatment  are  called  double  blind 
experiments. 

Although  the  chicken  soup  example  may  seem  a little  far-fetched,  the  need 
for  double  blind  procedures  is  critical  in  deciding  whether  any  drug  or 
treatment  is  working.  Formal  laboratory  research  on  drugs  that  may  be  ef- 
fective against  AIDS  or  cancer  always  uses  double  blind  procedures.  Most 
people,  however,  do  not  apply  these  same  standards  when  making  personal 
decisions,  such  as  which  type  of  psychotherapy  is  effective  or  whether  mas- 
sive doses  of  a vitamin  or  advice  from  a palm  reader  will  improve  some 
aspect  of  their  life.  Before  you  decide  to  see  a therapist  who  claims  to  be 
able  to  improve  your  diabetes  by  manipulating  your  spine  or  to  engage  in 
screaming  therapy  to  improve  your  self-confidence,  look  carefully  for 
double  blind  studies  that  support  the  use  of  the  proposed  therapy. 


Occult  Beliefs  and  the  Paranormal 


"Media  distortions,  social  uncertainty,  and  deficiencies  of  human  rea- 
soning seem  to  be  at  the  basis  of  occult  beliefs." 

— Barry  Singer  and  Victor  Benassi  (1981,  p.  49) 
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Do  you  believe  that  houses  can  be  haunted,  or  that  the  position  of  the  stars 
and  planets  can  affect  people's  lives,  or  that  extraterrestrial  beings  invaded 
the  earth,  or  perhaps  that  witches  are  real  and  not  just  a Halloween  fantasy 
(Lyons,  2005)?  if  you  answered  "yes"  to  any  of  these,  you  are  not  alone. 
Although  a recent  Gallup  Poll  showed  that  the  proportion  of  the  general 
population  in  the  United  States,  Canada,  and  Great  Britain  who  believe  in 
these  paranormal  phenomena  is  well  below  a majority,  there  is  a sizeable 
number  of  believers  for  each  of  these  paranormal  (outside  of  normal)  phe- 
nomena. One  possible  explanation  for  these  beliefs  is  the  increase  in  the 
number  of  television  shows  about  these  topics,  some  of  which  have  an  al- 
most "news-like"  appearance  to  them,  that  carry  the  message  that  beings 
from  outer  space  are  living  among  us  or  that  other  paranormal  phenomena 
(e.g.,  ghosts)  are  real.  Often  these  shows  are  narrated  by  people  who  appear 
to  be  honest  and  sincere.  Few  people  remember  the  difference  between  ac- 
tors and  scientists  when  the  actors  provide  a good  imitation  of  something 
that  looks  like  science. 

How  can  we  understand  these  beliefs  when  there  is  no  good  evidence 
that  they  have  any  basis  in  fact  (Shermer,  1997;  Stanovich  & West,  2008)? 
in  our  attempt  to  make  sense  out  of  events  in  the  world,  we  all  seek  to 
impose  a meaningful  explanation,  especially  for  unusual  events.  Have  you 
thought  about  a friend  whom  you  have  not  seen  in  many  years  and  then 
received  a phone  call  from  him?  Did  you  ever  change  your  usual  route 
home  from  school  or  work  and  then  learn  that  there  was  a tragic  accident 
that  you  probably  would  have  been  in  if  you  had  not  changed  your  route? 
What  about  stories  of  people  who  recover  from  a deadly  disease  after  they 
use  imagery  as  a means  of  healing?  We  are  all  fascinated  by  these  unusual 
events  and  try  to  understand  them.  Support  for  paranormal  experiences 
comes  from  anecdotes.  Can  you  understand  how  small  sample  sizes  (usu- 
ally a single  example),  retrospective  review  (in  hindsight  we  seek  explana- 
tions that  are  available  in  memory),  illusory  correlations,  self-fulfilling 
prophecies,  difficulty  in  understanding  probabilities,  and  other  cognitive 
biases  contribute  to  the  popularity  of  paranormal  beliefs?  it  is  a fact  that 
there  is  no  positive  evidence  whatsoever  for  the  existence  of  any  psychic 
abilities.  Remember — no  one  has  collected  the  million-dollar  prize  offered 
by  the  James  Randi  Foundation  or  other  similar  foundations  for  credible 
evidence  of  psychic  or  other  paranormal  phenomena.  There  are  many  an- 
ecdotes, but  there  has  never  been  a statistically  significant  finding  of  psy- 
chic power  that  has  been  duplicated  in  another  independent  laboratory. 
"Anecdotes  do  not  make  a science"  (Shermer,  Benjamin,  & Randi,  2011). 
They  are,  however,  powerful  in  directing  what  we  believe  to  be  true. 
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There  are  many  real  mysteries  in  the  world  and  much  that  we  do  not  un- 
derstand. it  is  possible  that  someone  has  found  a strange  herbal  cure  for 
cancer,  or  that  the  lines  on  the  palms  of  our  hand  or  pattern  of  tea  leaves 
in  our  tea  cups  are  indicators  of  important  life  events,  but  if  these  are  “real" 
phenomena,  then  they  will  hold  up  under  the  bright  lights  of  double- 
blind, controlled  laboratory  testing.  We  can  all  laugh  at  the  predictions 
made  by  various  “psychics,"  such  as  the  prediction  that  Fidel  Castro  would 
move  to  Beverly  Hills  after  his  government  was  overthrown  and  the  many 
predictions  about  Princess  Diana  that  included  almost  everything  imagin- 
able except  her  tragic  death  (Emery,  2001).  We  need  to  become  much  more 
skeptical  when  a friend  tells  us  that  crystals  have  healing  powers  or  vitamin  E 
can  be  used  to  revive  those  who  have  recently  died.  This  topic  is  also 
addressed  in  the  next  chapter  where  1 discuss  how  to  reason  with 
probabilities. 


Conspiracy  Theories 

A conspiracy  theory  is  an  explanation  for  something  that  is  based  on 
the  idea  that  there  is  a secret  group  that  was  responsible  for  that  event. 
Common  examples  of  conspiracy  theories  are  that  president  Kennedy's  as- 
sassination was  the  result  of  a covert  military  operation  and  that  the  rapid 
spread  of  AIDS  was  caused  by  a secret  plot  of  a powerful  (and  homophobic) 
group.  According  to  Barkun  (2006),  conspiracy  theories  share  four  charac- 
teristics: they  (a)  challenge  the  predominant  theories,  (b)  rely  on  secret 
knowledge  and  flimsy  evidence,  (c)  do  not  entertain  doubt  or  permit  rebut- 
tals, and  (d)  divide  the  world  into  black  or  white  categories  of  good  and 
evil.  In  the  United  States,  the  assassination  of  President  Kennedy  was  mo- 
mentous. It  is  hard  to  think  that  something  so  important  was  caused  by 
just  one  or  a few  people.  Similarly,  the  spread  of  AIDS  has  decimated  many 
groups  of  people.  As  humans,  we  search  for  reasons  to  understand  events, 
and  momentous  events  seem  to  require  weighty  reasons. 

Although  not  quite  the  same,  it  is  useful  to  think  about  the  vast  array  of 
so-called  “cures"  for  horrible  diseases  that  are  touted  on  the  Internet  and 
in  other  outlets  as  similar  to  conspiracy  theories.  In  these  cases,  the  “con- 
spiracy" is  some  group  of  physicians  or  some  government  agency  who  is 
keeping  knowledge  of  the  cure  from  the  people  who  need  it.  Imagine  find- 
ing the  cure  for  such  heart  breaking  disorders  as  autism,  and  diseases  such 
as  cancer  and  Alzheimer's.  Many  people  believe  that  they  have.  The  propo- 
nents of  these  cures  claim  to  have  evidence  that  the  medical  establishment 
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(note  the  negative  language  that  suggests  an  impersonal  corporation)  will 
not  pay  attention  to,  and  of  course,  the  ones  claiming  to  have  cures  are  the 
"good  guys"  and  anyone  who  disagrees  with  them  are  the  "bad  guys."  They 
often  argue  that  the  group  that  is  suppressing  news  of  the  cure  is  doing  so 
for  financial  gain — arguing  that  doctors  who  specialize  in  cancer,  for  ex- 
ample, would  go  broke  if  the  rest  of  us  knew  about  the  secret  cure.  A quick 
search  on  Google  will  reveal  many  such  claims  (maybe  as  many  as  100 
"cures"  for  autism),  and  it  is  not  surprising  that  desperate  families  fall  for 
these  phony  cures.  Infomercials,  which  are  commercials  that  look  a lot  like 
regular  programming,  show  miraculous  recoveries.  If  there  were  a cure  for 
any  of  these  diseases,  you  would  read  about  it  on  the  front  page  of  every 
reputable  newspaper  and  medical  journal,  and  not  learn  about  it  from 
someone  who  is  selling  the  cure  on  late-night  television  or  a web  site  that 
no  reputable  organization  (e.g.,  reputable  organizations  have  credentials 
similar  to  those  found  in  the  National  Autism  Association  and  National 
Cancer  Association)  endorses. 

A colleague  (Larry  Alferink  at  Illinois  State  University)  suggested  several 
flags  for  skepticism  when  reading  about  these  miracle  cures,  including  a 
high  degree  of  self-promotion  (buy  my  vitamins,  DVDs,  books,  etc.),  and 
vague  references  to  "peer-reviewed  journals"  that  turn  out  not  to  have  the 
rigorous  review  process  that  highly  regarded  medical  journals  have,  and  a 
vague  reference  to  published  research  that  cannot  be  verified.  As  one  medi- 
cal commentator  noted  (Burton,  2009,  para.  6):  "To  support  his  fringe 
opinion.  Dr.  [name  deleted]  has  used  what  1 refer  to  as  a cut-and-paste 
technique;  he  takes  isolated  observations  out  of  context  to  generate  a the- 
ory not  proven  or  justified  by  the  findings." 


Thinking  as  an  Intuitive  Scientist 


Most  people  seem  to  believe  that  there  is  a difference  between  scientific 
thinking  and  everyday  thinking.  . . . But,  the  fact  is,  these  same  scien- 
tific thinking  skills  can  be  used  to  improve  the  chances  of  success  in 
virtually  any  endeavor. 

— George  (Pinky)  Nelson  (1998,  April  29,  p.  A14) 

One  theme  throughout  this  chapter  is  that  everyday  thinking  has  much  in 
common  with  the  research  methods  used  by  scientists  when  they  investi- 
gate phenomena  in  their  academic  domains.  Many  of  the  pitfalls  and 
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problems  that  plague  scientific  investigations  are  also  common  in  everyday 
thought,  if  you  understand  and  avoid  some  of  these  problems,  you  will  be 
a better  consumer  of  research  and  a better  intuitive  scientist. 

When  you  are  evaluating  the  research  claims  of  others  or  when  you  are 
asserting  your  own  claims,  there  are  several  questions  to  keep  in  mind: 

1.  What  was  the  nature  of  the  sample?  Was  it  large  enough?  Was  it 
biased? 

2.  Are  the  variables  operationally  defined?  What  do  the  terms  mean? 

3.  Were  the  measurements  sensitive,  valid,  and  reliable?  Were  the  ap- 
propriate comparisons  made  to  support  the  claims? 

4.  Were  extraneous  variables  controlled?  What  are  other  plausible 
explanations  for  the  results? 

5.  Do  the  conclusions  follow  from  the  observations? 

6.  Are  correlations  being  used  to  support  causative  arguments? 

7.  is  disconfirming  evidence  being  considered? 

8.  How  could  the  experimenter's  expectancies  be  biasing  the  result? 

Let's  apply  these  guidelines  to  the  choice  of  treatment  programs  that  was 
presented  at  the  opening  of  this  chapter.  The  scenario  presented  you,  as  a 
heroin  addict  with  two  choices  of  treatment  programs.  The  first  program  is 
run  by  former  heroin  addicts  and  the  second  is  run  by  therapists.  First, 
what  is  the  evidence  for  success  rates?  Although  Program  #1  cites  a much 
higher  success  rate  than  Program  #2,  these  numbers  cannot  be  used  to 
compare  the  two  programs  because  Program  #1  gives  the  success  for  those 
who  stayed  with  the  program  at  least  one  year,  and  we  have  no  informa- 
tion about  how  many  dropped  out  before  achieving  the  one-year  mark. 
Thus,  the  success  rate  for  Program  #1  is  not  a valid  measure  of  success.  We 
also  have  no  information  about  how  likely  someone  is  to  maintain  recov- 
ery without  treatment,  in  other  words,  there  is  no  control  group  against 
which  to  measure  the  efficacy  of  treatment.  Unfortunately,  there  is  no  in- 
formation about  the  sample  size  because  we  are  not  told  how  many  pa- 
tients entered  each  program,  if  this  were  a real  decision,  then  you  would 
ask  for  this  information.  So  far,  there  is  little  to  go  on. 

i have  found  that  most  people  like  the  idea  that  the  therapist  is  a recovered  ad- 
dict who  "has  been  there  himself."  The  problem  with  this  sort  of  qualification 
is  that  his  anecdotes  about  "what  worked  for  him”  may  be  totally  worthless. 
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Dawes  (1994)  is  highly  critical  of  the  sort  of  reasoning  that  leads  people  to  be- 
lieve that  a former  addict  is  a good  choice  for  a counselor.  As  Dawes  noted,  the 
thinking  that  goes  into  this  evaluation  is  something  like  this: 

The  therapist  was  an  addict. 

He  did  X and  recovered. 

If  I do  X,  then  I will  also  recover. 

I hope  that  you  can  see  that  this  is  very  weak  evidence.  If  you  have  already 
read  the  chapter  on  reasoning,  then  you  will  recognize  this  as  a categorical 
syllogism — one  that  is  invalid.  You  have  a single  individual  (sample  size  of 
one),  all  the  biases  of  memory,  no  independent  verification  that  X is  useful, 
the  problem  of  illusory  correlation,  and  more.  Of  course,  this  individual 
could  be  an  excellent  therapist,  but  with  the  information  that  you  are  given, 
there  is  no  reason  to  expect  it.  On  the  other  hand,  the  therapist  who  has 
studied  the  psychology  and  biology  of  addiction  should  know  about  differ- 
ent treatment  options,  theories  of  addiction,  and  most  importantly,  the 
success  rates  for  a variety  of  different  types  of  treatments  based  on  results 
from  large  samples  of  addicts.  This  is  an  important  point.  Try  posing  the 
question  that  I used  at  the  opening  of  this  chapter  to  friends  and  relatives. 
You  will  probably  find  the  bias  toward  selecting  the  recovered  addict  as  a 
therapist. 

If  you  scrutinize  your  own  conclusions  and  those  of  others  with  the  prin- 
ciples of  hypothesis  testing  in  mind,  you  should  be  able  to  defend  yourself 
against  invalid  claims  and  improve  your  own  ability  to  draw  sound  conclu- 
sions from  observations. 

Chapter  Summary 


• Much  of  our  everyday  thinking  is  like  the  scientific  method  of  hy- 
pothesis testing.  We  formulate  beliefs  about  the  world  and  collect 
observations  to  decide  if  our  beliefs  are  correct. 

• In  the  inductive  method,  we  devise  hypotheses  from  our  observa- 
tions. In  the  deductive  method,  we  collect  observations  that  con- 
firm or  disconfirm  our  hypotheses.  Most  thinking  involves  an 
interplay  of  these  two  processes  so  that  we  devise  hypotheses  from 
experience,  make  observations,  and  then,  on  the  basis  of  our  obser- 
vations, redefine  our  hypotheses. 
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• Operational  definitions  are  precise  statements  that  allow  the  iden- 
tification and  measurement  of  variables. 

• Independent  variables  are  used  to  predict  or  explain  dependent 
variables.  When  we  formulate  hypotheses,  we  want  to  know  about 
the  effect  of  the  independent  variable  on  the  dependent  variable(s). 

• When  we  draw  conclusions  from  observations,  it  is  important  to 
utilize  an  adequately  large  sample  size  because  people  are  variable 
in  the  way  they  respond.  Most  people  are  too  willing  to  generalize 
results  obtained  from  small  samples. 

• In  order  to  generalize  about  a population,  the  sample  needs  to  be 
representative  of  the  population.  You  need  to  ask  if  the  sample  you 
are  using  is  biased  in  any  way  before  making  generalizations. 

• In  determining  if  one  variable  (e.g.,  smoking)  causes  another  vari- 
able (e.g.,  lung  cancer)  to  occur,  it  is  important  to  be  able  to  isolate 
and  control  the  causal  variables.  Strong  causal  claims  require  the 
three-stage  experimental  design  that  was  described  in  this  chapter. 

• In  every  day  contexts,  we  often  use  retrospective  techniques  to 
understand  what  caused  an  event  to  occur.  This  is  not  a good  tech- 
nique because  our  memories  tend  to  be  selective  and  malleable  and 
because  we  have  no  objective  systematic  observations  of  the  cause. 
Prospective  techniques  that  record  events  when  they  occur  and 
then  see  if  the  hypothesized  result  follows  are  better  methods  for 
determining  cause-effect  relationships. 

• Variables  that  are  related  so  that  changes  in  one  variable  are  associ- 
ated with  changes  in  the  other  variable  are  called  correlated  vari- 
ables. Correlations  can  be  positive,  as  in  the  relationship  between 
height  and  weight  (taller  people  tend  to  weigh  more;  shorter  people 
tend  to  weigh  less),  or  negative,  as  in  the  relationship  between  ex- 
ercise and  weight  (people  who  exercise  a great  deal  tend  to  be  thin, 
and  those  who  exercise  little  tend  to  be  heavy). 

• A common  error  is  to  infer  a causative  relationship  from  correlated 
variables.  It  is  possible  that  variable  A caused  variable  B,  or  that 
variable  B caused  variable  A,  or  that  A and  B influenced  each  other, 
or  that  a third  variable  caused  them  both. 

• The  belief  that  two  variables  are  correlated  when  they  are  not  (il- 
lusory correlation)  is  another  type  of  error  that  is  common  in 
human  judgment. 

• It  is  important  that  you  use  measurements  that  are  sensitive,  valid, 
and  reliable  or  the  conclusions  you  draw  may  be  incorrect.  Few 
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people  consider  the  importance  of  measurement  issues  when  they 
draw  everyday  conclusions  about  the  nature  of  the  world. 

• Although  many  of  our  judgments  lack  validity,  people  report  great 
confidence  in  them.  This  is  called  illusory  validity. 

• Inadvertently,  we  may  act  in  ways  that  will  lead  us  to  confirm  or 
disconfirm  hypotheses  according  to  our  expectations.  These  are 
called  self-fulfilling  prophecies. 

The  following  skills  to  determine  whether  a conclusion  is  valid  were  pre- 
sented in  this  chapter.  Review  each  skili  and  be  sure  that  you  understand 
how  and  when  to  use  each  one. 

The  skills  involved  when  thinking  as  an  intuitive  scientist  include: 

• recognizing  the  need  for  and  using  operational  definitions 

• explaining  the  need  to  isolate  and  control  variables  in  order  to 
make  strong  causal  claims 

• checking  for  adequate  sample  size  and  unbiased  sampling  when  a 
generalization  is  made 

• describing  the  relationship  between  any  two  variables  as  positive, 
negative,  or  unrelated 

• recognizing  the  limits  of  correiationai  reasoning 

• seeking  converging  validity  to  increase  your  confidence  in  a 
decision 

• checking  for  and  understanding  the  need  for  control  groups 

• being  aware  of  the  bias  in  most  estimates  of  variability 

• considering  the  relative  "badness"  of  different  sorts  of  errors 

• determining  how  self-fulfilling  prophecies  could  be  responsible  for 
experimental  results  or  everyday  observations 

• knowing  when  causal  claims  can  and  cannot  be  made. 


Terms  to  Know 


Check  your  understanding  of  the  concepts  presented  in  this  chapter  by 
reviewing  their  definitions,  if  you  find  that  you're  having  difficulty  with 
any  term,  be  sure  to  reread  the  section  in  which  it  is  discussed. 
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Hypothesis.  A set  of  beliefs  about  the  nature  of  the  world,  usually  concerning  the 
relationship  between  two  or  more  variables. 

Hypothesis  Testing.  The  scientific  method  of  collecting  observations  to  confirm 
or  disconfirm  beliefs  about  the  relationships  between  variables. 

Inductive  Method.  A method  of  formulating  hypotheses  in  which  you  observe 
events  and  then  devise  a hypothesis  about  the  events  you  observed. 

Deductive  Method.  A method  of  testing  hypotheses  in  which  you  formulate  a 
hypothesis  that  you  believe  to  be  true  and  then  infer  consequences  from  it. 
Systematic  observations  are  then  made  to  verify  if  your  hypofhesis  is  correcf. 

Operational  Definition.  An  explicif  sef  of  procedures  that  tell  the  reader  how 
to  recognize  and  measure  the  concept  in  which  you  are  interested. 

(A)  Variable.  A quantifiable  characteristic  that  can  take  on  more  than  one  value 
(e.g.,  height,  gender,  age,  race). 

Independent  Variable.  The  variable  that  is  selected  (or  manipulated)  by  the 
experimenter  who  is  testing  a hypothesis  to  see  if  changes  in  the  independent 
variable  will  result  in  changes  in  the  dependent  variable.  For  example,  if  you 
want  to  know  if  people  are  more  readily  persuaded  by  threats  or  rational  ap- 
peals, you  could  present  either  a threatening  message  or  a rational  appeal  to 
two  groups  of  people  (the  message  type  is  the  independent  variable)  and  then 
determine  how  much  their  attitudes  toward  the  topic  have  changed  (the  de- 
pendent variable). 

Dependent  Variable.  The  variable  that  is  measured  in  an  experiment  to  deter- 
mine if  ifs  value  depends  on  the  independent  variable.  Compare  with  indepen- 
dent variable. 

Population.  For  statistical  and  hypothesis  testing  purposes,  a population  is  the 
entire  group  of  people  (or  animals  or  entities)  in  which  one  is  interested  and  to 
which  one  wishes  to  generalize. 

Sample.  A subset  of  a population  that  is  studied  in  order  to  make  inferences  about 
the  population. 

Representative  Sample.  A sample  that  is  similar  to  the  population  in  important 
characteristics,  such  as  the  proportion  of  males  and  females,  socioeconomic 
sfatus,  and  age. 

Generalization.  Using  the  results  obtained  in  a sample  to  infer  that  similar  re- 
sults would  have  been  obtained  from  the  population  if  everyone  in  the  popula- 
tion had  been  measured.  (When  used  in  the  context  of  problem  solving,  it  is  a 
strategy  in  which  the  problem  is  considered  as  an  example  of  a larger  class  of 
problems.) 

Biased  Sample.  A sample  fhat  is  not  representative  of  fhe  population  from  which 
it  was  drawn. 

Confounding.  When  experimental  groups  differ  in  more  than  one  way,  it  is  not 
possible  to  separate  the  effects  due  to  each  variable.  For  example,  if  you  found 
that  teenage  girls  scored  higher  on  a test  of  verbal  ability  than  preteen  boys, 
you  wouldn't  know  if  the  results  were  due  to  sex  differences  or  age  differences 
between  the  two  groups. 

Convenience  Samples.  The  use  of  a group  of  people  who  are  readily  available  as 
participants  in  an  experiment.  Such  samples  may  be  biased  in  that  they  may 
not  be  representative  of  fhe  population  from  which  they  were  drawn. 

Sample  Size.  The  number  of  people  selected  for  a study. 
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Subject.  A person,  animal,  or  entity  who  serves  as  a participant  in  an 
experiment. 

Variability.  Term  to  denote  the  fact  that  people  (and  animals)  differ  in  the  way 
they  respond  to  experimental  stimuli. 

Random  Sample.  A sample  in  which  everyone  in  a population  has  an  equal 
chance  of  being  selected. 

Law  of  Small  Numbers.  The  willingness  to  believe  that  results  obtained  from  a 
few  subjects  can  be  generalized  to  the  entire  population. 

Retrospective  Research.  After  an  event  has  occurred,  the  experimenter  looks 
backward  in  time  to  determine  its  cause. 

Prospective  Research.  A method  of  conducting  research  in  which  possible  caus- 
ative factors  of  an  event  are  identified  before  the  event  occurs.  Experimenters 
then  determine  if  the  hypothesized  event  occurs. 

Correlated  Variables.  Two  or  more  variables  that  are  related.  See  positive  cor- 
relation and  negative  correlation. 

Positive  Correlation.  Two  or  more  variables  that  are  related  so  that  increases  in 
one  variable  occur  concomitantly  with  increases  in  the  other  variable,  and 
decreases  in  one  variable  occur  with  decreases  in  the  other. 

Negative  Correlation.  Two  or  more  variables  that  are  related  such  that  increases 
in  one  variable  are  associated  with  decreases  in  the  other  variable. 

Illusory  Correlation.  The  belief  that  two  variables  are  correlated,  when  in  fact 
they  are  uncorrelated. 

Validity.  The  extent  to  which  a measure  (e.g.,  a test)  is  measuring  what  you  want 
it  to. 

Convergent  Validity.  The  use  of  several  different  measures  or  techniques  that  all 
suggest  the  same  conclusion. 

Illusory  Validity.  The  belief  that  a measure  is  valid  (measures  what  you  want  it 
to)  when,  in  fact,  it  is  not.  This  belief  causes  people  to  be  overconfident  in  their 
judgments. 

Reliability.  The  consistency  of  a measure  (e.g.,  a test)  on  repeated  occasions. 

Double-Blind  Procedures.  An  experimental  paradigm  in  which  neither  the 
subjects  nor  the  person  collecting  data  know  the  treatment  group  to  which  the 
subject  has  been  assigned. 

Self-Fulfilling  Prophecy.  The  tendency  to  act  in  ways  that  influence  experi- 
mental results  so  that  we  obtain  results  that  are  consistent  with  our 
expectations. 

Conspiracy  Theory.  An  explanation  for  something  that  is  based  on  the  idea  that 
there  is  a secret  group  that  is  responsible  for  that  event. 
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The  jury  was  facing  a difficult  decision  in  the  case  of  People  vs.  Collins 
(cited  in  Arkes  St  Hammond,  1 986).  The  robbery  victim  could  not  iden- 
tify his  assailant.  All  he  could  recall  was  that  the  robber  was  a woman 
with  a blonde  ponytail  who,  after  the  robbery,  rode  off  in  a yellow 
convertible  driven  by  a Black  man  with  a moustache  and  a beard.  The 
suspect  fit  this  description,  but  could  the  jury  be  certain  "beyond  a 
reasonable  doubt"  that  the  woman  who  was  on  trial  was  the  robber? 
She  was  blonde  and  often  wore  her  hair  in  a ponytail.  Her  codefendant 
"friend"  was  a Black  man  with  a moustache,  beard,  and  yellow  convert- 
ible. If  you  were  the  attorney  for  the  defense,  you  would  stress  the  fact 
that  the  victim  could  not  identify  this  woman  as  the  robber.  What  strat- 
egy would  you  use  if  you  were  the  attorney  for  the  prosecution? 

The  prosecutor  produced  an  expert  in  probability  theory  who  testified 
that  the  probability  of  these  conditions  "co-occurring  (being  blonde 
plus  having  a ponytail  plus  having  a Black  male  friend  plus  his  owning 
a yellow  convertible  and  so  on,  when  these  characteristics  are  indepen- 
dent) was  1 in  1 2 million.  The  expert  testified  that  this  combination  of 
characteristics  was  so  unusual  that  the  jury  could  be  certain  "beyond  a 
reasonable  doubt"  that  she  was  the  robber. 

The  jury  returned  a verdict  of  "guilty." 


Probabilistic  Nature  of  the  World 


The  theory  of  probabilities  is  nothing  but  common  sense  confirmed  by 
calculation. 

— Pierre  Simon  La  Place  (1951,  p.  196) 

The  legal  system  recognizes  that  we  can  never  have  absolute  certainty  in 
legal  matters.  Instead,  we  operate  with  various  degrees  of  uncertainty.  In  the 
United  States,  juries  are  instructed  to  decide  that  someone  is  guilty  of  a 
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crime  when  they  are  certain  "beyond  a reasonable  doubt."  This  standard 
was  adopted  because  there  is  always  some  small  amount  of  doubt  that  the 
accused  may  be  innocent.  Jurors  are  instructed  to  operate  under  a different 
level  of  doubt  when  they  are  deciding  about  guilt  or  innocence  in  a civil 
case.  In  civil  cases,  they  are  told  to  deliver  a verdict  of  guilty  when  the  "pre- 
ponderance of  evidence"  supports  this  decision.  Thus,  jurors  are  instructed 
to  operate  under  two  different  levels  of  uncertainty  depending  on  whether 
the  case  before  them  is  criminal  or  civil.  They  need  to  be  more  certain  when 
deciding  that  an  accused  party  is  guilty  in  a criminal  case  than  in  a civil  case. 

Probability  is  the  study  of  likelihood  and  uncertainty.  It  plays  a critical  role 
in  all  professions  and  in  most  everyday  decisions.  All  medical  diagnoses  and 
treatment  decisions  are  inherently  probabilistic,  as  are  decisions  made  in 
business,  college  admissions,  advertising,  and  research.  Probability  is  the 
cornerstone  of  science;  the  laws  of  probability  guide  the  interpretation  of  all 
research  findings.  Many  of  our  leisure  activities  also  rely  on  the  principles  of 
probability,  most  notably  horse  racing  and  card  games.  Every  time  you  de- 
cide to  take  an  umbrella,  invest  in  the  stock  market,  buy  an  insurance  policy, 
or  bet  on  a long  shot  in  the  Kentucky  Derby,  you  are  making  a probability 
judgment.  Other  than  the  proverbial  death  and  taxes,  there  is  very  little  in 
life  that  is  known  with  certainty.  Because  we  live  in  a probabilistic  world, 
critical  thinking  will  require  an  understanding  of  probability. 

There  is  good  evidence  that  training  in  the  use  of  probability  will  improve 
your  ability  to  utilize  probability  values  in  an  appropriate  manner.  In  an 
investigation  of  the  use  of  statistical  thinking  in  everyday  reasoning  tasks, 
researchers  concluded  that,  "This  study  indicated  clearly  that  statistical 
training  can  enhance  the  use  of  statistical  rules  in  reasoning  about  every- 
day life  and  can  do  so  completely  outside  the  context  of  training"  (Fong, 
Krantz,  & Nisbett,  1986,  p.  280).  In  other  words,  although  the  thinking 
skills  presented  in  this  chapter  will  require  the  use  of  basic  arithmetic  and 
probably  some  concentrated  effort,  it  is  likely  that  you  will  be  a better 
thinker  for  having  worked  through  the  problems. 


Likelihood  and  Uncertainty 

If  your  facts  are  wrong  but  your  logic  is  perfect,  then  your  conclusions 
are  inevitably  false.  Therefore,  by  making  mistakes  in  your  logic,  you 
have  at  least  a random  chance  of  coming  to  a correct  conclusion. 

— Christie-Davies'  Theorem  (reference  unknown, 

taken  from  a calendar) 
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If  I flip  a "fair"  coin  (i.e.,  one  that  is  not  biased,  which  means  that  either  a 
head  or  tail  is  equally  likely)  into  the  air  and  ask  you  to  guess  the  probabil- 
ity that  it  will  land  heads  up,  you  would  say  that  the  probability  of  a head 
is  50%  (or  .50).  This  means  that  the  coin  is  expected  to  land  heads  up  half 
of  the  time.  Although  the  word  "probability"  is  used  in  several  different 
ways,  the  definition  of  probability  that  is  most  useful  in  the  present  con- 
text is  the  number  of  ways  a particular  outcome  (what  we  call  a success) 
can  occur  divided  by  the  number  of  possible  outcomes  (when  each  possible 
outcome  is  equally  likely).  It  is  a measure  of  how  often  we  expect  an  event 
to  occur  in  the  long  run.  Success  may  seem  like  a strange  word  in  this 
context,  but  you  can  think  of  it  as  the  outcome  in  which  you  are  inter- 
ested. In  this  case,  a success  is  getting  the  coin  to  land  heads  up.  There  is 
only  one  way  for  a coin  to  land  heads  ups,  so  the  number  of  ways  a success 
can  occur  in  this  example  is  one.  What  are  all  the  possible  outcomes  of 
flipping  a coin  in  the  air?  The  coin  can  either  land  heads  up  or  tails  up. 
(I've  never  seen  a coin  land  on  its  edge,  nor  have  I ever  seen  a bird  come 
along  and  carry  it  off  while  it's  flipped  in  the  air,  so  I am  not  considering 
these  as  possible  outcomes.)  Thus,  there  are  two  possible  outcomes,  each  of 
which  is  as  likely  to  happen  as  the  other.  To  calculate  the  probability  of 
getting  a coin  to  land  heads  up,  compute  the  number  of  ways  a head  can 
occur  (1),  divided  by  the  number  of  possible  outcomes  (2),  or  1/2,  an  an- 
swer you  already  knew.  Because  many  people  find  it  easier  to  think  in 
percentages  than  in  fractions,  1/2  is  sometimes  changed  to  50%. 

Let's  try  another  example.  How  likely  are  you  to  roll  a 5 in  one  roll  of  a die? 
As  there  is  only  one  way  for  a 5 to  occur,  the  numerator  of  the  probability 
fraction  is  1.  A die  is  a 6-sided  (cube)  figure;  thus  there  are  6 possible  out- 
comes in  one  roll.  If  the  die  is  not  "loaded,"  that  is  when  each  side  of  the 
die  is  equally  likely  to  land  facing  up,  the  probability  of  rolling  a 5 is  1/6, 
or  approximately  17%. 

What  is  the  probability  of  rolling  an  even  number  in  one  roll  of  a fair  die? 
To  find  this  probability,  consider  the  number  of  ways  a success  can  occur. 
You  could  roll  a 2,  4,  or  6,  all  possible  even  numbers.  Thus,  there  are  3 ways 
a success  can  occur  out  of  6 equally  likely  outcomes,  so  the  probability  of 
rolling  an  even  number  is  3/6  = 1/2. 

What  is  the  probability  of  rolling  a whole  number  less  than  7?  If  someone 
asked  me  to  bet  on  this  happening,  I would  put  up  my  house,  my  children, 
and  my  meager  savings  account  to  make  this  bet.  In  other  words,  I would 
bet  that  this  will  happen.  Let's  see  why.  The  number  of  ways  a whole  number 
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less  than  seven  can  occur  in  one  roll  of  a die  is  6 (1,  2,  3,  4,  5,  or  6), 
and  the  number  of  possible  outcomes  is  6.  Thus,  the  probability  is  6/6, 
or  1.  When  a probability  is  equal  to  1 (or  100%),  it  must  happen;  it  is  cer- 
tain to  occur. 

What  is  the  probability  of  rolling  an  8 in  one  roll  of  a die?  Again,  1 would 
put  up  everything  1 own,  but  this  time  1 would  bet  against  this  occurrence. 
The  number  of  ways  an  8 can  occur  is  0.  Thus,  the  probability  of  this  oc- 
curring is  0;  it  cannot  occur.  This  situation  also  reflects  absolute  certainty. 
Probabilities  range  from  0 (can  never  happen)  to  1 (must  happen).  Proba- 
bility values  close  to  0 or  1 represent  events  that  are  almost  certain  not  to 
occur  or  almost  certain  to  occur,  while  probabilities  near  .5  (50%)  represent 
maximum  uncertainty,  because  either  outcome  is  equally  likely,  and  thus 
there  is  no  basis  for  predicting  either  one.  This  relationship  is  depicted  in 
Figure  7.1. 


Odds 

it  is  often  convenient  to  discuss  probabilities  in  terms  of  odds,  if  a friend 
gives  you  3-to-l  odds  that  his  school's  championship  tiddly-winks  team 
will  beat  your  school's  tiddly-winks  team,  this  means  that  if  4 games 


Example 


Roll  a number  less  than  7 1.0  = certainty  {must  occur) 


increasingly  more  likely  to  occur 


Roll  an  even  (or  odd)  number  .5  = maximum  uncertainty 


increasingly  less  likely  to  occur 


Roll  an  8 


0 = certainty  {cannot  occur) 


Figure  7.1  Probability  and  likelihood 
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were  played,  he  would  expect  his  team  to  win  3 of  them.  Authorities  on 
organized  sports  (announcers,  sports  page  editors,  and  almost  everyone 
else)  usually  express  their  degree  of  belief  in  the  outcome  of  a sporting 
event  in  terms  of  odds.  (Betting  odds  like  those  posted  at  racetracks  and 
boxing  matches  refer  to  the  amount  of  money  that  has  been  bet  on  each 
contender  and,  thus,  have  a slightly  different  meaning  from  the  one 
described  here.)  To  convert  odds  to  a probability,  add  the  two  numbers 
that  are  given  (e.g.,  3:1  = 4),  use  the  first  number  as  the  numerator 
and  the  sum  as  the  denominator  (3/4),  and  this  is  the  equivalent 
probability. 

The  Laws  of  Chance 

Uncertainty  is  an  essential  and  integral  facet  of  all  forms  of  life  and  is, 

in  principle,  unavoidable. 

— Gideon  Keren  and  Karl  Halvor  Teigen  (2001,  p.  191) 

The  most  important  phrase  in  the  last  section  was  "in  the  long  run."  Ex- 
cept for  those  special  cases  when  the  probability  of  an  outcome  is  either  0% 
or  100%,  we  cannot  know  with  certainty  what  will  happen.  1 cannot  know 
when  i roll  a die  whether  1 will  roll  a five,  but,  if  i keep  rolling  a fair  die  for 
many,  many  trials,  i do  know  that  about  17%  of  the  time  1 will  roll  a five, 
i cannot  know  which  roll  will  produce  a five,  but  i do  know  approximately 
how  many  rolls  will  land  with  a 5 showing  if  1 keep  rolling  for  a long  time. 
This  is  an  important  point.  When  we  speak  of  the  laws  of  chance  (or 
laws  of  probability),  we  are  referring  to  the  ability  to  predict  the  number  or 
percentage  of  trials  on  which  a particular  outcome  will  occur.  With  a large 
number  of  trials,  1 can  be  very  accurate  about  the  number  of  times  a par- 
ticular outcome  will  occur,  but  1 cannot  know  which  trials  will  yield  a 
particular  outcome.  This  means  that  1 can  make  good  "long  run"  predic- 
tions and  poor  "short  run"  predictions. 

Let's  consider  insurance  as  an  applied  example  of  this  distinction.  When 
you  buy  a life  insurance  policy  (or  any  other  type  of  insurance  policy), 
you  are  making  a bet  with  the  insurance  company.  You  agree  to  pay  a 
certain  amount  of  money  to  the  insurance  company  each  year.  They 
agree  to  pay  your  beneficiary  a certain  amount  of  money  when  you  die. 
There  are  many  different  types  of  life  insurance  policies  available,  but  for 
the  purposes  of  this  chapter,  we  will  consider  the  simplest,  i will  use  some 
simple  numbers  to  demonstrate  the  statistical  point  that  i want  to  make — 
in  real  life,  the  actual  costs  and  payoffs  are  different  from  those  used  in 
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this  example.  Suppose  that  you  are  30  years  old  and  that  you  agree  to  pay 
the  insurance  company  $1,000  per  year.  When  you  die,  your  beneficiary 
will  receive  $20,000.  You  are  betting  with  the  insurance  company  that 
you  will  die  at  a fairly  young  age  (a  bet  that  you  hope  to  lose)  so  that  you 
will  have  paid  them  only  a small  amount  of  money  and  your  beneficiary 
will  receive  a larger  amount  of  money.  If  you  die  before  the  age  of  50,  you 
win  the  bet.  Ignoring  complications  like  inflation  and  interest,  you  will 
have  paid  less  than  the  $20,000  your  beneficiary  will  receive  if  you  die  at 
a young  age.  The  insurance  company,  on  the  other  hand,  will  win  the  bet 
if  you  live  to  a ripe  old  age.  If  you  die  when  you  are  70  years  old,  you  will 
have  paid  them  $40,000  and  your  dearly  beloved  will  receive  only 
$20,000. 

Insurance  companies  can  make  money  because  of  the  laws  of  chance.  No 
one  knows  when  you  or  anyone  else  will  die,  but  insurance  companies  do 
know  how  many  people  aged  30  (the  age  at  which  you  bought  your  pol- 
icy) will  die  before  they  reach  their  50th  birthday.  Thus,  although  no  one 
can  predict  accurately  the  age  at  death  for  any  single  individual,  we  can 
use  the  laws  of  chance  to  predict  how  many  people  will  live  to  be  any 
particular  age. 


How  We  Explain  Chance  Events 

At  the  beginning  of  the  20th  century  the  father  of  modern  science  fic- 
tion, Herbert  George  Wells,  said  in  his  writings  on  politics,  “If  we  want 
to  have  an  educated  citizenship  in  a modern  technological  society,  we 
need  to  teach  them  three  things:  reading,  writing,  and  statistical  think- 
ing." At  the  beginning  of  the  21st  century,  how  far  have  we  gotten  with 
this  program?  In  our  society,  we  teach  most  citizens  reading  and  writing 
from  the  time  they  are  children,  but  not  statistical  thinking. 

— Gerd  Gigerenzer  (2003,  para.  1) 

Most  people  can  understand  the  laws  of  chance  when  they  think  about 
tossing  a coin  or  rolling  a pair  of  dice,  but  find  it  more  difficult  to  recognize 
how  chance  operates  in  complicated  real-world  settings.  Unusual  events — 
the  sort  that  make  you  say  “imagine  that" — are  often  reported  in  the  news. 
Consider,  for  example,  this  newspaper  headline:  “Three  Sisters  Give  Birth 
on  the  Same  Day"  (Snell,  Peterson,  Albert,  & Grinstead  2001,  pp.  23-25). 
According  to  an  article  in  the  March  14,  2001  edition  of  the  Point  Stevens 
Journal,  Karralee  Morgan,  Marrianne  Asay,  and  Jennifer  Hone  (real 
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people — real  names — no  names  have  been  changed  to  protect  anyone)  are 
sisters  who  all  gave  birth  on  March  11,  1998  (as  reported  in  Chance  Maga- 
zine). It  is  hard  to  hear  this  story  and  NOT  ask,  "What  is  the  probability 
that  three  sisters  would  give  birth  on  the  same  day?"  As  it  turns  out,  this  is 
a tricky  question  because  there  are  several  ways  of  interpreting  what  is 
being  asked.  Consider  these  two  possible  interpretations: 

What  is  the  probability  that  these  three  sisters  (Karralee,  Marrianne, 
and  Jennifer)  will  all  give  birth  on  March  11,  1998? 

What  is  the  probability  that  somewhere  in  the  United  States  (or  any- 
where in  the  world)  there  will  be  three  sisters  (any  set  of  three  sisters) 
who  all  give  birth  on  the  same  day  (any  day  of  any  one  year)? 

Before  i give  you  the  answers,  think  about  what  is  being  asked  and  decide 
which  of  these  two  interpretations  is  more  likely  to  occur.  Did  you  un- 
derstand that  the  situation  described  in  Question  #2  is  much  more  likely 
than  the  situation  described  in  Question  #1?  According  to  calculations 
presented  in  a magazine  that  teaches  about  chance  events  (Chance 
Magazine,  Spring  2001),  the  answer  for  #1  is  about  1 in  50  million,  but 
the  answer  for  #2  is  about  1 in  6,000.  it  seems  likely  that  most  people  are 
thinking  about  Question  #2  when  they  ask  about  the  chance  of 
three  sisters  giving  birth  on  the  same  day,  but  it  is  easy  to  see  why  these  are 
difficult  concepts  because  the  question  is  prompted  by  situation  #1.  if 
we  want  to  know  about  any  three  sisters  on  any  day  in  any  one  year  (there 
are  365  different  possible  days,  so  there  are  more  ways  for  this  to  happen),  it 
is  much  more  likely  than  if  we  mean  a specific  three  sisters  on  a specific  day. 


Degrees  of  Belief 

Probability  is  sometimes  used  to  express  the  strength  of  a belief  about  the 
likelihood  of  an  outcome.  This  is  a second  definition  for  the  term  probabil- 
ity. For  example,  if  you  interview  for  a job  and  believe  that  the  interview 
went  well,  you  might  assess  the  probability  that  you  will  be  offered  the  job 
as  80%.  This  probability  value  was  not  mathematically  derived  by  calculat- 
ing the  number  of  ways  a success  could  occur  divided  by  the  number  of 
possible  outcomes.  Instead,  it  indicates  your  degree  of  belief  that  the  job 
will  be  offered,  it  suggests  a moderate  to  high  likelihood,  if  someone  else 
interviewed  for  the  same  job  and  believed  that  his  chance  of  being  offered 
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the  job  was  50%,  it  would  be  obvious  that  he  was  less  confident  about  get- 
ting the  job  than  you  were. 


It's  a Miracle  (or  Maybe  Just  Statistics) 

Given  enough  opportunities,  outlier  anomalies — even  seeming  miracles — 
will  occasionally  happen. 

— Michael  Shermer  (2008,  para.  1) 

It  happens  to  all  of  us,  admittedly  not  often,  but  it  happens.  Sometimes  we 
are  thinking  of  a friend,  perhaps  getting  ready  to  call  him  when  the  phone 
rings,  and  it  is  he.  Not  exactly  a miracle,  but  rare  enough  to  make  us  think, 
"Now  what  is  the  probability  of  that  happening?"  But,  even  seeming  mir- 
acles can  be  explained  with  probabilities.  First,  because  of  confirmation 
bias,  the  strong  tendency  to  find  evidence  that  confirms  what  we  believe 
to  be  true  and  to  ignore  evidence  that  is  contrary  to  our  beliefs,  we  remem- 
ber astonishing  coincidences  and  not  the  vast  array  of  every  interactions  in 
which  we  all  engage.  Shermer  (2008)  explained  how  we  can  explain  some- 
thing as  weird  as  "death  premonitions" — dreams  in  which  someone  we 
know  has  died  or  is  about  to  die. 

Shermer  provides  this  rough  analysis: 

The  average  person  has  about  five  dreams  a night,  or  1,825  dreams  a 
year.  If  we  remember  only  a tenth  of  our  dreams,  then  we  recall  182.5 
dreams  a year.  There  are  300  million  Americans,  who  thus  produce  54.7 
billion  remembered  dreams  a year.  Sociologists  tell  us  that  each  of  us 
knows  about  150  people  fairly  well,  thus  producing  a network  grid  of 
45  billion  personal  relationship  connections.  With  an  annual  death  rate 
of  2.4  million  Americans,  it  is  inevitable  that  some  of  those  54.7  bil- 
lion remembered  dreams  will  be  about  some  of  these  2.4  million  deaths 
among  the  300  million  Americans  and  their  45  billion  connections.  In 
fact,  it  would  be  a miracle  if  some  death  premonitions  did  not  come  true, 
(para.  4) 

1 have  not  checked  Shermer's  math,  but  let's  assume  that  it  is  correct.  Most 
of  us  cannot  "get  our  heads"  around  numbers  in  the  millions  or  billions — 
we  are  far  better  at  marveling  at  our  personal  experiences  and  the  anec- 
dotes of  others  whom  we  know.  A common  theme  in  this  chapter  is  that 
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the  laws  of  probability  are  not  intuitive,  and  even  though  we  may  prefer  to 
rely  on  personal  experiences,  we  will  make  better  decisions  if  we  can  think 
probabilistically. 


Factors  Affecting  Judgments  about  Likelihood  and  Uncertainty 


The  odds  against  there  being  a bomb  on  a plane  are  a million  to  one, 
and  against  two  bombs  a million  times  a million  to  one.  Next  time  you 
fly,  cut  the  odds  and  take  a bomb. 

— Benny  Hill  (quoted  in  Bryne,  1988,  p.  349) 

There  is  a large  body  of  research  literature  documenting  the  fact  that  most 
people  are  biased  in  their  assessment  of  probabilities.  We  fail  to  appreciate  the 
nature  of  randomness  and  have  strong  misconceptions  about  likelihood  and 
uncertainty  (Hill,  2012).  This  is  not  a surprising  finding  given  that  we  can 
only  use  probabilities  to  understand  events  “in  the  long  run,"  and  most  of 
our  everyday  experiences  are  based  on  "short  run"  observations.  For  example, 
there  is  a large  body  of  data  that  show  that,  on  the  average,  people  who 
smoke  die  at  a younger  age  than  those  who  do  not  (American  Cancer  Society, 
2012).  Most  of  us  cannot  discover  this  relationship  on  our  own  because  we 
do  not  know  the  age  of  death  for  large  numbers  of  people,  but  we  may  know 
one  or  two  people  who  smoked  two  packs  a day  and  lived  into  their  90s.  This 
sort  of  personal  experience  would  lead  us  to  doubt  the  statistics  that  were 
collected  from  many  people.  Remember  though,  personal  experience  is  not  a 
good  way  to  make  many  judgments  about  the  world.  Recall  from  the  last 
chapter  that  experience  is  an  expensive  teacher,  but  not  a good  one. 


The  Search  for  Meaning 

To  live,  it  seems  is  to  explain,  to  justify,  and  to  find  coherence  among 
diverse  outcomes,  characteristics,  and  causes. 

— Thomas  Gilovich  (1991,  p.  22) 

We  seek  causes  for  events  that  happen  to  us  and  to  others,  but  most  of  us 
rarely  consider  the  randomness  of  many  events.  We  look  for  patterns  and 
meaning,  a quest  that  can  often  be  helpful,  but  also  can  lead  to  beliefs  that 
are  groundless.  For  example,  consider  this  true  story:  A student  stopped  in 
my  office  to  talk  with  me.  He  told  about  an  "amazing  thing"  that  just  hap- 
pened to  him.  He  was  a student  in  a class  of  15  students.  Each  student  had 
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to  make  an  oral  presentation,  and  the  order  in  which  they  were  to  present 
was  determined  by  drawing  numbers  from  a box.  "Guess  who  picked  num- 
ber 1?"  he  asked  excitedly.  1 guessed  that  he  did.  "Exactly,  and  do  you  know 
the  probability  of  that!"  1 did,  it  was  1/15  or  approximately  7 percent,  "isn't 
that  amazing?  Out  of  15  people  in  the  class,  1 picked  number  1.  How  can 
you  explain  that?"  1 attributed  this  not-so-amazing  outcome  to  chance; 
after  all,  someone  had  to  pick  number  1.  He  was  certain  that  it  was  a sign 
of  something;  maybe  the  "gods"  had  intervened  or  his  karma  had  gone 
berserk  (whatever  that  means).  He  was  looking  for  a cause  that  could  ex- 
plain this  event,  and  he  never  considered  just  plain  "chance." 

There  seems  to  be  a universal  need  to  find  meaning  in  the  vast  array  of 
everyday  events  that  confronts  us,  a trait  that  makes  it  difficult  to  recog- 
nize chance  events.  You  may  have  heard  about  the  controversy  over  the 
"Bible  Code,"  which  is  the  title  of  a book  that  describes  how  letters  sam- 
pled at  regular  intervals  (for  example,  every  50*"  letter)  from  the  Bible  had 
embedded  in  them  the  names  of  famous  people  and  foretold  events  that 
would  happen  in  the  future  (Drosnin,  1997).  Statisticians  howled  with 
laughter  (and  scorn)  at  this  book  because  chance  alone  would  result  in 
many  words  appearing  in  these  letter  strings.  On  the  other  hand,  it  is  easy 
to  understand  how  someone  who  does  not  understand  concepts  in  proba- 
bility might  be  persuaded  by  the  seemingly  amazing  number  of  names  and 
words  that  were  embedded  in  long  strings  of  letters. 

The  author  of  the  Bible  Code  (Drosnin,  1997)  challenged  statisticians  to  use 
the  same  technique  of  letter  sampling  with  "Moby  Dick,"  a book  which 
presumably  would  not  have  embedded  special  messages  about  the  future 
into  its  letter  sequences.  A group  of  Australian  computer  scientists  (McKay, 
Bar-Natan,  & Kalia,  1999)  took  up  the  challenge  and  found  "M.  L.  King" 
near  the  phrase  "to  be  killed  by  them,"  "Kennedy"  near  the  word  "shoot," 
and  many  more  famous  names  and  meaningful  phrases  (including  "Prin- 
cess Di"  and  "Lincoln")  in  letter  strings  taken  from  Moby  Dick,  thus  show- 
ing that  mere  chance  would  result  in  many  meaningful  names  and  phrases 
embedded  in  long  strings  of  letters,  in  general,  we  tend  to  underestimate 
the  importance  of  being  able  to  think  about  probabilities,  in  an  editorial 
on  this  topic,  one  columnist  chided  the  American  public  for  making  fun  of 
a politician's  poor  grammar  because  we  should  be  far  more  concerned 
about  our  politicians'  math  skills,  especially  their  poor  understanding  of 
probabilities  (Cole,  June  11,  2001).  There  are  a many  critical  issues  that 
depend  on  the  ability  to  think  with  numbers — global  warming,  population 
growth,  and  the  economy,  to  name  a few. 
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Overconfidence 

Most  people  . . . tend  to  overestimate  the  degree  to  which  we  are  re- 
sponsible for  our  own  successes. 

— Simon  Gervais  and  Terrance  Odean  (2001,  p.  1) 

By  definition,  there  is  always  some  uncertainty  in  probabilistic  events.  Yet, 
research  has  shown  that  people  tend  to  be  more  confident  in  their  deci- 
sions about  probabilistic  events  than  they  should  be.  Consider  an  example 
that  Daniel  Kahneman,  a researcher  in  this  area,  likes  to  use.  When  he  and 
his  coauthors  began  working  on  a text  on  decision  making,  they  were  fairly 
confident  that  they  would  have  it  completed  within  a year,  despite  the  fact 
that  they  knew  that  most  books  like  the  one  they  were  writing  take  many 
years  to  complete.  They  believed  that  they  would  beat  these  "odds."  in  fact, 
it  took  them  several  years  to  complete  the  text. 

in  an  experimental  investigation  of  the  overconfidence  phenomenon, 
people  were  asked  to  provide  answers  with  a specified  degree  of  confidence 
to  factual  questions  (Kahneman  & Tversky,  1979).  Try  it  with  this  question: 
"1  feel  98  percent  certain  that  the  number  of  nuclear  plants  operating  in 

the  world  in  1980  was  more  than and  less  than ."  Fill  in  the 

blanks  with  numbers  that  reflect  98%  confidence.  The  researchers  investi- 
gating this  effect  found  that  nearly  one-third  of  the  time,  the  correct  an- 
swer did  not  lie  between  the  two  values  that  reflected  a 98%  level  of 
confidence.  (The  correct  answer  to  this  question  is  189.)  This  result  dem- 
onstrates that  people  are  often  highly  confident  when  their  high  degree  of 
confidence  is  unwarranted. 

Have  you  ever  bought  a lottery  ticket?  Do  you  know  what  the  odds  are 
against  your  hitting  the  jackpot?  The  laws  of  probability  dictate  that  you 
should  expect  to  lose,  yet  countless  numbers  of  people  expect  to  win.  in 
fact,  a disturbing  poll  published  in  Money  magazine  revealed  that  almost  as 
many  people  are  planning  for  their  retirement  by  buying  lottery  tickets 
(39%)  as  are  investing  in  stocks  (43%)  (Wang,  1994). 

Overconfidence  about  uncertain  events  is  a problem  even  for  experts  in 
many  fields  where  there  is  great  uncertainty,  in  an  analysis  of  political  pre- 
dictions (who  is  likely  to  win,  for  example).  Silver  (2011,  para.3)  wrote: 
"Experts  have  a poor  understanding  of  uncertainty.  Usually,  this  manifests 
itself  in  the  form  of  overconfidence:  experts  underestimate  the  likelihood 
that  their  predictions  might  be  wrong."  Overconfidence  can  be  disastrous 
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for  financial  investors.  In  a study  of  individual  investors,  two  economists 
found  that  most  people  fail  to  recognize  the  role  that  chance  plays  in  the 
stock  market,  so  they  tend  to  attribute  gains  to  their  own  expertise  in  pick- 
ing stocks  and  losses  to  external  forces  that  they  could  not  control.  The 
result  is  that  overconfident  investors  trade  their  stocks  far  too  often  be- 
cause they  believe  that  they  are  making  wise  choices  (Gervais  & Odean, 
2001).  If  they  could  recognize  the  effects  of  random  fluctuations  in  the 
stock  market  instead  of  attributing  the  changes  to  their  own  trading  behav- 
iors, they  would  have  traded  less  often  and  ended  up  in  better  financial 
shape. 


Using  Probability 


Without  giving  it  much  thought,  we  utilize  probabilities  many  times  each 
day.  Let's  start  with  one  of  the  few  examples  where  probability  values  are 
made  explicit.  Many  people  begin  each  day  by  reading  the  weather  forecast 
in  the  morning  paper.  What  do  you  do  when  you  read  that  the  probability 
of  rain  is  80%  today?  Most  people  will  head  off  to  school  or  work  toting  an 
umbrella.  What  if  it  does  not  rain?  Can  we  conclude  that  the  forecaster  was 
wrong?  The  forecast  of  an  80%  probability  of  rain  means  that  out  of  every 
100  days  when  the  weather  conditions  are  like  those  on  this  particular  day, 
there  will  be  rain  on  80  of  them.  Thus,  a probability  of  rain  is,  like  all  prob- 
ability values,  based  on  what  we  would  expect  in  the  long  run.  Weather 
experts  know  that  80  out  of  100  days  will  have  rain,  but  the  forecasters 
cannot  know  with  absolute  certainty  which  days  it  will  rain. 

Suppose  that  you  are  to  be  married  on  this  hypothetical  day,  and  a mag- 
nificent outdoor  ceremony  is  planned.  Suppose  that  an  80%  probability  of 
rain  was  forecast,  and  it  did  not  rain.  Would  you  believe  that  something 
other  than  chance  was  responsible  for  the  good  weather  or  that  the  absence 
of  rain  is  a good  (or  bad)  sign  for  your  marriage?  If  you  would  interpret  the 
good  weather  as  a sign  from  the  heavens  or  some  other  astral  body,  then 
you  have  demonstrated  the  point  that  was  just  made — ^we  seek  meaning  in 
events,  even  events  as  seemingly  uncontrollable  as  the  weather,  and  we 
rarely  consider  plain  old  chance. 

The  number  of  instances  in  which  we  are  given  explicit  probability  values 
that  have  been  computed  for  us  is  relatively  small.  One  area  where  this 
practice  is  growing  is  in  the  use  of  medical  information  sheets  that  are 
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designed  to  help  patients  understand  the  risks  and  benefits  of  taking  a par- 
ticular drug.  The  Food  and  Drug  Administration  requires  that  all  oral  con- 
traceptive medications  (birth  control  pills)  be  packaged  with  statistical 
information  about  the  health  risks  associated  with  them.  To  arrive  at  an 
intelligent  decision  based  on  the  information  provided,  potential  oral  con- 
traceptive users  must  be  able  to  understand  the  statistical  summaries  that 
are  presented  in  the  medical  information  sheets. 

Consider  the  following:  Suppose  you  read  that  the  risk  of  developing  heart 
disease  is  10.5  times  more  likely  for  oral  contraceptive  users  than  for  non- 
users. Most  people  will  conclude  from  this  information  that  taking  oral 
contraceptives  presents  a substantial  risk  of  heart  disease.  Suppose  now 
that  you  are  told  that  only  3.5  women  out  of  100,000  users  will  develop 
heart  disease.  You  probably  would  interpret  this  sentence  as  meaning  that 
there  is  little  risk  associated  with  oral  contraceptive  use.  Consider  the  “flip 
side"  of  this  information  and  think  about  how  you  would  assess  safety  if 
you  read  that  99,996.5  women  out  of  100,000  users  will  not  develop  heart 
disease.  Does  it  seem  even  safer?  Another  way  of  presenting  the  same  in- 
formation is  to  convert  it  to  a percentage.  There  is  only  a .0035%  chance 
that  oral  contraceptive  users  will  develop  heart  disease.  Most  people  would 
now  consider  the  risk  associated  with  oral  contraceptive  use  to  be 
minuscule. 

Which  of  these  statements  is  correct?  They  all  are.  The  only  way  they  differ 
is  the  way  in  which  the  statistical  information  is  presented,  and  different 
ways  of  presenting  the  same  statistical  information  lead  to  very  different  as- 
sessments of  safety  (Halpern,  Blackman,  & Salzman,  1989).  It  is  important  to 
keep  this  in  mind  when  interpreting  statistical  information.  There  is  a trend 
to  provide  consumers  with  statistical  risk  information  so  that  they  can  make 
informed  safety  judgments  about  a diverse  assortment  of  topics  including 
how  to  treat  a particular  type  of  cancer  and  the  safety  of  nuclear  energy.  Al- 
though the  topic  of  risk  is  considered  in  more  detail  later  in  this  chapter, 
keep  in  mind  that  the  best  way  to  convert  risk  probabilities  to  a meaningful 
value  is  to  write  out  all  of  the  mathematically  equivalent  values  (i.e.,  X out 
of  Y occurrences,  number  of  times  greater  risk  than  a meaningful  compari- 
son event,  number  that  will  die,  number  that  will  not  die).  Graphic  represen- 
tations of  relative  risks  can  also  be  helpful  when  there  are  many  values  that 
need  to  be  compared  simultaneously.  The  use  of  spatial  arrays  is  touted 
throughout  this  book  (e.g.,  circle  diagrams  when  interpreting  syllogisms, 
graphic  organizers  to  comprehend  complex  prose,  tree  diagrams  for  use  in 
making  sound  decisions).  One  advantage  that  they  confer  in  this  situation  is 
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that  they  reduce  the  memory  load  in  working  memory  and  allow  us  to  con- 
sider several  different  alternatives  “at  a glance." 


Games  of  Chance 

People  love  to  play  games.  From  Las  Vegas  to  Atlantic  City,  and  in  all  of  the 
small  towns  in  between,  and  in  many  other  countries  in  the  world,  people 
spend  countless  hours  and  dollars,  euros,  and  pounds  playing  games  of 
chance,  skill,  and  semi-skill.  For  many  people,  the  only  serious  consider- 
ation they  have  ever  given  to  probability  is  when  playing  games  of  chance. 

Cards.  Card  playing  is  a ubiquitous  pastime,  with  small  children  playing 
"Fish"  and  “Old  Maid,"  while  their  older  counterparts  play  Canasta,  Bridge, 
Poker,  Pinochle,  Blackjack,  Ffearts,  and  too  many  others  to  mention.  The 
uncertainty  inherent  in  card  games  adds  to  the  pleasure  of  playing  (al- 
though the  camaraderie  and  pretzels  and  beer  also  help). 

Good  card  players,  regardless  of  the  game,  understand  and  utilize  the  rules 
of  probability.  Let's  apply  the  definitional  formula  for  probability  to  card 
games.  For  example,  how  likely  are  you  to  draw  an  Ace  of  Spades  from  a 
deck  of  52  cards?  The  probability  of  this  happening  is  1/52,  or  approxi- 
mately 2%,  because  there  is  only  one  Ace  of  Spades  and  52  possible  out- 
comes. How  likely  are  you  to  draw  an  ace  of  any  suit  from  a full  deck  of 
cards?  If  you  have  been  following  the  probability  discussion  so  far,  you  will 
realize  that  the  answer  is  4/52,  or  approximately  8%,  because  there  are  4 
aces  in  a 52-card  deck. 

Although  some  professional  card  players  claim  to  have  worked  out  careful 
plans  that  will  help  them  to  change  the  odds  of  winning  in  their  favor,  it 
is  not  possible  to  “beat  the  house"  for  most  card  games,  no  matter  how 
good  a player  one  is.  it  is  always  difficult  to  tell  the  extent  to  which  these 
stories  of  successful  gamblers  are  hype.  Professional  gamblers  often  enjoy 
bragging  about  their  winnings  and  conveniently  forget  about  the  times 
when  they  lost.  Furthermore,  most  of  the  self-proclaimed  expert  gamblers 
are  selling  their  “winning  system."  1 hope  that  you  recall  from  the  chapters 
on  reasoning  and  analyzing  arguments  that  when  an  “expert"  stands  to 
gain  from  the  sale  of  a product,  the  expert's  opinion  becomes  suspect. 

According  to  Gunther  (1977),  Vera  Nettick  (who  is  a real  person)  is  a lucky 
lady.  While  playing  a game  of  bridge,  she  was  dealt  a hand  that  contained 
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all  13  diamonds.  Breathlessly,  she  won  a grand  slam  with  the  once-in-a- 
lifetime  card  hand.  Any  statistician  will  be  quick  to  point  out  that  every 
possible  combination  of  cards  will  be  dealt  to  somebody  sooner  or  later. 
Thus,  Vera  Nettick's  hand  was  no  more  unusual  than  any  other  card  hand, 
although  it  certainly  is  more  memorable.  Can  you  guess  how  often  such  a 
hand  would  occur?  Gunther  (1977,  p.  30)  figured  this  out  as  follows: 

There  are  roughly  635  billion  possible  bridge  hands.  Of  these,  eight 
might  be  called  'perfect'  hands,  though  some  are  more  perfect  than 
others.  To  begin  with,  there  are  four  perfect  no-trump  hands.  Such  a 
hand  would  contain  all  four  aces,  all  four  kings,  all  four  queens,  and 
one  of  the  four  jacks.  Any  of  these  four  hands  would  be  unequivocally 
perfect,  because  no  bid  could  top  it.  Slightly  less  perfect,  in  descending 
order,  are  hands  containing  all  the  spades,  all  the  hearts,  all  the  dia- 
monds, and  all  the  clubs.  If  there  are  eight  of  these  perfect  hands  in  a 
possible  635  billion,  the  statistical  probability  is  that  such  a hand  will 
be  dealt  one  in  every  79  billion  tries,  give  or  take  a few. 

Now  all  we  have  to  do  is  estimate  how  many  games  of  bridge  are  played 
every  year  and  how  many  hands  are  dealt  in  each  game.  Using  fairly 
conservative  estimates,  it  turns  out  that  a perfect  hand  should  be  dealt 
to  some  lucky  bridge  player,  somewhere  in  the  United  States,  roughly 
once  every  three  or  four  years. 

Consider  the  two  card  hands  shown  in  Figure  7.2  on  page  353.  Every  possible 
combination  of  cards  is  equally  likely  when  the  cards  are  dealt  at  random. 
This  topic  is  also  discussed  in  the  following  chapter  on  decision  making. 

Roulette 

Roulette  is  often  thought  of  as  an  aristocratic  game.  It  is  strange  that  it  has 
gained  this  reputation,  because  it  is  a game  of  pure  chance.  Unlike  most 
card  games,  there  is  no  skillful  way  to  play  roulette.  As  you  probably 
know,  roulette  is  played  by  spinning  a small  ball  inside  a circular  array  of 
numbered  and  colored  pockets.  Eighteen  of  the  pockets  are  red;  eighteen 
are  black;  and  two  are  green.  Players  can  make  a variety  of  bets.  One  pos- 
sible bet  is  that  the  ball  will  land  in  a red  pocket.  What  is  the  probability 
of  this  event  when  the  ball  is  equally  likely  to  land  in  any  pocket?  There 
are  18  red  pockets  out  of  38  pockets  (possible  outcomes);  therefore,  the 
probability  of  the  ball  landing  in  a red  pocket  is  18/38.  Because  this  is  a 
number  less  than  .5,  we  know  that  it  will  land  in  a red  pocket  slightly  less 
than  half  of  the  time.  Thus,  if  you  kept  betting  on  red,  you  would  lose 
slightly  more  often  than  you  would  win.  Suppose  now  you  bet  on  black 
pockets.  Again,  the  probability  would  be  18/38;  and  again,  if  you  continue 
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Figure  7.2  Which  of  these  two  card  hands  are  you  more  likely  to  be  dealt  from  a well- 
shuffled  deck  of  cards? 


to  bet  on  black  pockets,  you  will  lose  more  often  than  you  win.  Of  course, 
sometimes  you  will  win,  and  at  other  times  you  will  lose,  but  after  many 
spins — in  the  long  run,  you  will  lose  at  roulette. 

The  odds  or  probability  of  winning  at  any  casino  game  are  always  favorable 
to  the  "house,"  otherwise  casinos  could  not  stay  in  business.  Actually,  there 
is  one  person  who  has  been  able  to  "beat"  the  roulette  odds.  One  of  my 
heroes  is  A1  Hibbs,  a scientist  who  gained  fame  for  his  work  at  the  Jet  Pro- 
pulsion Laboratory  in  Pasadena,  California,  where  much  of  the  work  on 
the  U.S.  space  program  is  done.  When  he  was  a student,  he  used  his  knowl- 
edge of  probability  to  run  his  original  stake  of  $125  up  to  $6,300  at  the  Pio- 
neer Club  in  Reno.  Here  is  how  he  did  it:  Hibbs  knows  that  although  every 
number  in  a roulette  wheel  should  be  equally  likely  to  occur,  all  manufac- 
tured devices  have  imperfections.  These  imperfections  make  some  numbers 
more  likely  to  occur  than  others.  Hibbs  and  a friend  recorded  the  results  of 
100,000  spins  of  roulette  wheel  to  find  the  numbers  that  occurred  most 
often.  Accordingly,  they  bet  on  these  numbers.  Unfortunately,  none  of  us 
can  duplicate  his  success,  because  the  wheels  are  now  taken  apart  and 
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reassembled  with  different  parts  each  day.  Thus,  while  each  wheel  is  still 
imperfect,  the  imperfections  differ  from  day  to  day. 


Computing  Probabilities  in  Multiple  Outcome  Situations 

if  the  weather  forecaster  announced  a 50%  chance  of  rain  on  Saturday 
and  a 50%  chance  of  rain  on  Sunday,  does  that  definitely  mean  that  it 
will  rain  this  weekend? 

— Gigerenzer  (2003,  para.  2) 

We  are  often  concerned  with  the  probability  of  two  or  more  events  occur- 
ring, such  as  getting  two  heads  in  two  flips  of  a coin  or  rolling  a six  at  least 
once  in  two  rolls  of  a die.  These  sorts  of  situations  are  called  multiple 
outcomes. 

Using  Tree  Diagrams 

Although  it  is  relatively  easy  to  understand  that  the  probability  of  getting 
a head  on  one  flip  of  a fair  coin  is  1/2,  it  is  somewhat  more  difficult  to  know 
intuitively  the  probability  of  getting  four  heads  in  four  flips  of  a fair  coin. 
Although  an  example  of  flipping  a coin  may  seem  artificial,  it  is  a good  way 
of  showing  how  probabilities  combine  over  many  trials.  Let's  figure  it  out. 
(Follow  along  with  me,  even  if  you  are  math-phobic.  The  calculations  and 
mathematical  thinking  are  relatively  easy,  if  you  work  along  with  the  ex- 
amples. Do  not  look  at  the  next  several  figures  and  exclaim,  "no  way.  I'll 
just  skip  it."  it  is  important  to  be  able  to  think  with  and  about  numbers.) 

On  the  first  flip,  only  one  of  two  possible  outcomes  can  occur;  a head  (H) 
or  tail  (T).  What  can  happen  if  a coin  is  flipped  twice?  There  are  four  pos- 
sible outcomes:  a head  on  the  first  flip  and  a head  on  the  second  (HH),  a 
head  on  the  first  flip  and  a tail  on  the  second  (HT),  a tail  on  the  first  flip 
and  a head  on  the  second  (TH),  and  a tail  on  the  first  flip  and  a tail  on  the 
second  (TT).  Since  there  are  four  possible  outcomes  and  only  one  way  to 
get  two  heads,  the  probability  of  this  event  is  1/4  (again  assuming  that  the 
coin  is  fair,  that  is,  that  getting  a head  is  as  likely  as  getting  a tail).  There  is 
a general  rule,  the  "and  rule,"  for  calculating  this  value  in  any  situation. 
When  you  want  to  find  the  probability  of  one  event  and  another  event  (a 
head  on  the  first  and  second  flip),  you  multiply  their  separate  probabilities. 
By  applying  the  "and  rule,"  we  find  that  the  probability  of  obtaining  two 
tails  when  a coin  is  flipped  twice  is  equal  to  1/2  x 1/2,  which  is  1/4.  intui- 
tively, the  probability  of  both  events  occurring  should  be  less  likely  than 
either  event  alone,  and  it  is. 
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A simple  way  to  compute  this  probability  is  to  represent  all  possible  events 
with  tree  diagrams.  Tree  diagrams  were  used  in  the  chapter  on  reasoning 
when  we  figured  the  validity  of  "if,  then"  statements.  In  this  chapter,  we 
will  add  probability  values  to  the  "branches"  of  the  tree  to  determine  the 
probability  of  different  combinations  of  outcomes.  Later  in  this  book,  1 will 
return  to  tree  diagrams  once  again  as  a way  of  generating  creative  solutions 
to  problems. 

On  the  first  flip,  either  an  H or  T will  land  facing  up.  For  a fair  coin,  the 
probability  of  a head  is  equal  to  the  probability  of  a tail,  which  is  equal 
to  .5.  Let's  depict  this  as  follows: 


Outcome  Probability 

(H)  .5 

{T}  .5 


When  you  flip  a second  time,  either  an  H on  the  first  flip  will  be  followed 
by  an  H or  T,  or  a T on  the  first  flip  will  be  followed  by  an  H or  T.  The  prob- 
ability of  a head  or  tail  on  the  second  flip  is  still  .5.  Outcomes  from  a sec- 
ond flip  are  added  as  "branches"  on  a tree  diagram. 


Outcome  Probability 


As  you  can  see  from  this  tree,  there  are  four  possible  outcomes.  You  can  use 
this  tree  to  find  out  the  probability  of  other  events.  What  is  the  probability 
of  getting  exactly  one  H in  two  flips  of  a coin?  Since  there  are  two  ways  for 
this  to  occur,  (HT)  or  (TH),  the  answer  is  2/4  or  1/2.  When  you  want  to  find 
the  probability  of  two  or  more  different  outcomes,  add  the  probability  of 
each  outcome.  This  is  called  the  "or  rule."  Another  way  to  ask  the  same 
questions  is,  "What  is  the  probability  of  getting  either  a head  followed  by 
a tail  (1/4)  or  a tail  followed  by  a head  (1/4)?"  The  correct  procedure  is  to 
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add  these  values,  which  equals  1/2.  Intuitively,  the  probability  of  two  or 
more  events  occurring  should  be  higher  (more  likely)  than  the  probability 
of  any  one  of  them  occurring,  and  it  is. 

We  can  only  use  the  “or  rule"  and  the  "and  rule"  when  the  events  we  are 
interested  in  are  independent.  Two  events  are  independent  when  the  oc- 
currence of  one  of  them  does  not  influence  the  occurrence  of  the  other,  in 
this  example,  what  you  get  on  the  first  flip  of  a coin  does  not  influence 
what  you  get  on  the  second  flip,  in  addition,  the  "or  rule"  requires  that  the 
outcomes  be  mutually  exclusive,  which  means  that  if  one  occurs,  the  other 
cannot  occur,  in  this  example,  the  outcomes  are  mutually  exclusive  be- 
cause we  cannot  obtain  both  a head  and  a tail  on  any  single  flip,  if  you  are 
still  wondering  about  the  answer  to  the  question  posed  in  the  opening  of 
this  paragraph  about  whether  it  will  rain  this  weekend  given  a 50%  prob- 
ability of  rain  on  Saturday  and  a 50%  probability  of  rain  on  Sunday,  you 
should  be  able  to  "see"  that  if  you  replaced  the  word  "heads"  with  "rain" 
and  the  word  "tails"  with  "no  rain"  in  the  figures  above,  you  have  the  same 
problem.  The  probability  of  rain  on  Saturday  and  Sunday  would  be  25% 
(.50  X .50).  The  probability  of  rain  on  at  least  one  of  these  days  is  75% 
(.25  -H  .25  -H  .25). 

Let's  get  away  from  the  artificial  example  of  coin  flipping,  and  apply  the 
same  logic  in  a more  useful  context,  i am  sure  that  every  student  has,  at 
some  time  or  other,  taken  a multiple-choice  test.  (Some  students  like  to  call 
them  multiple-guess  tests.)  Most  of  these  tests  have  five  alternative  answers 
for  each  question.  Only  one  of  these  is  correct.  Suppose  also  that  the  ques- 
tions are  so  difficult  that  all  you  can  do  is  guess  randomly  at  the  correct 
answer.  What  is  the  probability  of  guessing  correctly  on  the  first  question? 
if  you  have  no  idea  which  alternative  is  the  correct  answer,  then  you  are 
equally  likely  to  choose  any  of  the  five  alternatives,  assuming  that  each 
alternative  is  equally  likely  to  be  correct.  Because  the  sum  of  all  possible 
alternatives  must  be  1.0,  the  probability  of  selecting  each  alternative,  when 
they  are  equally  likely,  is  .20.  One  alternative  is  correct,  and  four  are  incor- 
rect, so  the  probability  of  selecting  the  correct  alternative  is  .20.  A tree  dia- 
gram of  this  situation  is  shown  here. 

What  is  the  probability  of  getting  the  first  two  multiple-choice  questions 
correct  by  guessing?  We  will  have  to  add  a second  branch  to  a tree  that  will 
soon  be  very  crowded.  To  save  space  and  to  simplify  the  calculations,  all  of 
the  incorrect  alternatives  can  be  represented  by  one  branch  labeled  "incor- 
rect." The  probability  of  being  incorrect  on  any  single  question  is  .8; 
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Outcome  Probability 


{C}  .2 

Probability 
of  being 
incorrect 
on  the  first 
question  = .8 


{1}  .2 

{1}  .2 

{1}  .2 

{1}  .2 


Outcome 

Probability 

Correct 

{CC} 

.04 

Incorrect 

{Cl} 

.16 

Correct 

{1C} 

.16 

Incorrect 

{11} 

.64 

The  probability  of  two  correct  questions  by  guessing  is  .2  x .2,  which  equals 
.04.  That  means  that  this  would  happen  by  chance  only  4%  of  the  time. 
Suppose  we  extend  our  example  to  three  questions.  1 will  not  draw  a tree, 
but  you  should  be  able  to  see  by  now  that  the  probability  is  .2  x .2  x .2  = .008. 
This  is  so  unusual  that  it  would  occur  less  than  1%  of  the  time  by  chance. 
What  would  you  conclude  about  someone  who  got  all  three  of  these  ques- 
tions correct?  Most  people  (professors  are  people,  too)  would  conclude  that 
the  student  was  not  guessing,  and  that  she  really  knew  something.  Of 
course,  it  is  possible  that  the  student  was  just  lucky,  but  it  is  so  unlikely  that 
we  would  conclude  that  something  other  than  luck  was  responsible  for  the 
outcome  we  obtained.  Let  me  point  out  a curious  side  to  this  kind  of  rea- 
soning. Consider  the  plight  of  Sara.  She  took  a fifteen  question  multiple- 
choice  test  in  which  every  question  had  five  alternatives.  Sara  got  all  fifteen 
questions  wrong.  Can  you  determine  the  probability  of  this  happening  by 
chance?  1 won't  draw  the  tree  diagram  to  depict  this  situation,  but  it  is  easy 
to  see  that  the  probability  of  being  wrong  on  one  question  is  .80;  therefore 
the  probability  of  being  wrong  on  all  15  questions  is  (.80)^L  This  is  .80 
times  itself  15  times,  which  equals  .0352.  Because  this  would  happen  by 
chance  only  3.52%  of  the  time,  can  Sara  present  the  argument  to  her  pro- 
fessor that  something  other  than  chance  determined  this  unusual  result? 
Of  course,  Sara  can  make  this  argument,  but  would  you  be  willing  to 
believe  her  if  you  were  her  professor?  Suppose  she  argued  that  she  must 
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have  known  the  correct  answer  to  every  question.  How  else  could  she  have 
avoided  selecting  it  in  all  fifteen  consecutive  questions?  1 don't  know  how 
many  professors  would  buy  her  assertion  that  getting  all  15  questions 
wrong  demonstrates  her  knowledge,  even  though  identical  reasoning  is 
used  as  proof  of  knowing  correct  answers  when  the  probability  of  getting 
all  the  questions  correct  is  about  the  same.  (In  this  example,  the  probabil- 
ity of  getting  all  15  questions  correct  just  by  guessing  is  (.20)'^  which  is  a 
number  far  less  than  .0001.)  Personally,  if  1 were  the  professor,  1 would  give 
Sara  high  marks  for  creativity  and  for  her  understanding  of  statistical  prin- 
ciples. It  is  possible  that  Sara  did  know  "something"  about  the  topic,  but 
that  "something"  was  systematically  wrong.  1 would  also  point  out  to  her 
that  it  is  possible  that  she  was  both  unprepared  and  unlucky  enough  to 
guess  wrong  fifteen  times.  After  all,  unusual  events  do  happen  sometimes. 

Conjunction  Error — Applying  the  "And  Rule" 

The  following  problem  was  posed  by  Tversky  and  Kahneman  (1983,  p.  297): 

Linda  is  31  years  old,  outspoken  and  very  bright.  She  majored  in  phi- 
losophy. As  a student,  she  was  deeply  concerned  with  issues  of  dis- 
crimination and  social  justice,  and  also  participated  in  anti-nuclear 
demonstrations. 

For  the  following  list  of  statements,  estimate  the  probability  that  it  is 
descriptive  of  Linda. 

A.  Linda  is  a teacher  in  elementary  school. 

B.  Linda  works  in  a bookstore  and  takes  yoga  classes. 

C.  Linda  is  active  in  the  feminist  movement. 

D.  Linda  is  a psychiatric  social  worker. 

E.  Linda  is  a member  of  the  League  of  Women  voters. 

F.  Linda  is  a bank  teller. 

G.  Linda  is  an  insurance  salesperson. 

H.  Linda  is  a bank  teller  and  is  active  in  the  feminist  movement. 

Stop  now  and  estimate  the  probability  for  each  statement. 


The  short  paragraph  about  Linda  was  written  to  be  representative  of  an  ac- 
tive feminist,  which  is  statement  C.  Thus,  if  we  rely  on  common 


Likelihood  and  Uncertainty  359 


stereotypes  of  the  "typical  feminist,"  C would  seem  to  be  a likely  descrip- 
tion. Look  at  statements  F (bank  teller)  and  H (feminist  and  a bank  teller). 
How  did  you  rank  these  two  sentences?  Most  people  believe  that  H is  more 
probably  true  than  E Can  you  see  why  F must  be  more  likely  than  H when 
being  a bank  teller  and  being  a feminist  are  independent  of  each  other? 
There  are  some  bank  tellers  who  are  not  active  in  the  feminist  movement. 
When  determining  the  probability  of  both  of  two  events  occurring,  you 
multiply  the  probabilities  of  each  one  occurring  (the  "and  rule").  Thus,  the 
probability  of  two  events  both  occurring  must  be  less  likely  than  the  prob- 
ability of  one  of  these  events  occurring.  In  Tversky  and  Kahneman's  study, 
85%  of  the  subjects  judged  statement  H to  be  more  probable  than  state- 
ment F.  The  error  of  believing  that  the  occurrence  of  two  events  is  more 
likely  than  the  occurrence  of  one  of  them  is  called  the  conjunction 
error. 

For  those  of  you  who  think  better  with  spatial  arrays,  let's  represent  this 
problem  with  circle  diagrams,  a form  of  representation  that  was  used  with 
syllogisms  in  the  chapter  on  reasoning.  Draw  one  circle  to  represent  every 
bank  teller  in  the  world,  and  a second  circle  to  represent  every  feminist. 
The  two  circles  have  to  overlap  somewhat  because  there  are  some  bank 
tellers  who  are  feminists.  This  area  of  overlap  is  shaded  in  Figure  7.3.  As 
you  can  see  in  Figure  7.3,  the  shaded  area  that  represents  all  people  who 
are  both  bank  tellers  and  feminists  must  be  smaller  than  the  circle  that 
represents  all  bank  tellers  because  there  are  bank  tellers  who  are  not 
feminists. 


Figure  7.3  The  two  circles  represent  "All  Feminists"  and  "All  Bank  Tellers."  The  inter- 
section of  these  two  circles  shows  those  individuals  who  are  both  feminist  and  a bank 
tellers.  Because  there  are  feminists  who  are  not  bank  tellers  and  bank  tellers  who  are  not 
feminists,  the  area  of  their  overlap  must  be  smaller  than  either  set  alone. 
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Now  that  you  understand  the  conjunctive  error,  try  the  next  question  (also 
taken  from  Tversky  & Kahneman,  1983,  p.  308): 

A health  survey  was  conducted  in  a sample  of  adult  males  in  British 
Columbia,  of  all  ages  and  occupations. 

Please  give  your  best  estimate  of  the  following  values: 

What  percentage  of  the  men  surveyed  have  had  one  or  more  heart  at- 
tacks?   

What  percentage  of  the  men  surveyed  both  are  over  55  years  old  and 
have  had  one  or  more  heart  attacks? 

Stop  now  and  fill  in  the  blanks  above  with  your  best  estimate  of  these 
values. 

Over  65%  of  the  respondents  believed  that  a higher  percentage  of  the  men 
would  be  both  over  55  and  have  had  a heart  attack  than  the  percentage  of 
men  who  reported  that  they  had  a heart  attack.  Do  you  recognize  this  as 
another  example  of  a conjunction  error?  The  probability  of  two  uncertain 
events  both  occurring  cannot  be  greater  than  the  probability  of  just  one  of 
them  occurring. 

There  are  some  psychologists  who  object  to  all  of  the  emphasis  on  the  ways 
people  make  mistakes  in  their  thinking  (Gigerenzer,  Todd,  & the  ABC  Re- 
search Group,  2000;  Gigerenzer,  2007).  They  argue  that  most  of  us  think 
pretty  well,  given  real-life  circumstances,  which  include  limited  time  to  think 
through  problems  and  limited  information.  Most  of  the  time,  we  rely  on 
heuristics,  which  are  “rules  of  thumb"  or  shortcuts  for  thinking.  Gigerenzer 
and  his  colleagues  consider  problems  like  the  “Linda"  problem  to  be  “tricks." 
In  this  case,  we  are  asked  to  make  a decision  about  one  person,  when  the 
probability  data  refer  to  the  population  of  all  bank  tellers  and  all  feminists.  He 
argues  that  it  is  not  irrational  to  use  “typicality  information"  (e.g.,  the  typical 
feminist  has  certain  traits)  when  making  a “best  guess"  about  one  person. 

There  has  been  much  heated  debate  over  the  “Linda"  problem,  probably 
because  so  many  of  us  get  it  wrong.  Gigerenzer  (2007,  p.  97)  argues  that  the 
word  “and"  is  sometimes  used  to  signify  a chronology  of  events  and  when 
used  this  way,  it  conveys  a different  message.  Consider  this  example: 

Mark  got  angry  and  Mary  left  him.  The  implication  is  that  Mary  left  him 
after  and  probably  because  he  got  angry. 


Or  this  example: 
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Verona  is  in  Italy  and  Valencia  is  in  Spain. 

This  is  identical  in  meaning  to: 

Valencia  is  in  Spain  and  Verona  is  in  Italy. 

The  underlying  idea  with  these  examples  is  that  the  word  "and"  does  not 
always  signal  the  conjunction  of  two  events  and  that  is  why  so  many 
people  get  the  "Linda"  problem  wrong.  Others  argue  that  regardless  of  the 
fact  that  "and"  does  not  always  signal  conjunctions,  it  does  in  the  "Linda" 
problem,  and  most  people  get  it  wrong.  This  is  an  area  where  psychologists 
disagree  about  what  is  rational  or  reasoned  thinking,  and  it  is  likely  to  con- 
tinue to  be  a hotly  debated  topic  in  the  next  several  years.  The  point  made 
by  Gigerenzer  and  others  who  are  more  optimistic  about  the  quality  of 
human  cognition  is  certainly  valid.  Many  of  the  examples  that  show  how 
poorly  most  of  us  think  seem  artificial  or  lack  important  information  that 
we  normally  would  consider.  Like  many  of  psychology's  debates,  each  side 
seems  to  have  part  of  the  answer.  Under  some  circumstances,  people  are 
easily  misled  and  thinking  goes  wrong  in  predictable  ways,  but  under  other 
circumstances,  people  can  think  fairly  well.  The  situation  is  like  the  prover- 
bial glass  that  is  both  half-full  and  half-empty.  Regardless  of  your  personal 
opinion  about  this  debate,  it  is  true  that  with  hard  work,  we  can  all  learn 
to  think  better — a fact  that  should  make  both  the  optimists  and  pessimists 
very  happy. 


Cumulative  Risks — Applying  the  "Or  Rule" 

It  should  be  obvious  that  the  probability  of  getting  three  questions  correct 
by  chance  when  there  are  five  alternatives  will  be  much  smaller  than  the 
probability  of  getting  just  one  question  correct  by  chance,  and  the  proba- 
bility of  getting  at  least  one  question  correct  by  chance  out  of  three  ques- 
tions will  be  higher  than  the  probability  of  getting  one  question  correct 
when  there  is  only  one  question.  The  kinds  of  examples  presented  so  far 
were  deliberately  simple.  Let's  see  how  this  principle  applies  in  real 
world-settings. 

Most  real-life  risks  involve  repeated  exposure  to  a risky  situation.  Consider 
driving.  The  probability  of  having  an  accident  in  one  car  ride  is  very  low. 
But  what  happens  to  this  probability  when  you  take  hundreds  or  thou- 
sands of  car  rides?  According  to  the  "or  rule,"  this  is  the  probability  of  an 
accident  on  the  first  or  second  or.  ..  . n***  car  ride.  In  an  interesting  study  of 
how  people  understand  the  concept  of  cumulative  risk,  Shaklee  (1987) 
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gave  subjects  different  probability  values  that  supposedly  corresponded  to 
the  yearly  risk  of  a flood.  The  subjects  then  had  to  estimate  the  likelihood 
of  a flood  in  one  month,  five  years,  10  years,  and  15  years.  Only  74%  of 
her  subjects  knew  that  the  likelihood  of  a flood  increased  with  intervals 
over  one  year.  Among  those  who  gave  higher  probability  values  for  inter- 
vals over  one  year,  most  seriously  underestimated  the  cumulative 
probability. 

The  message  here  should  be  clear:  When  you  are  determining  risk,  it  is 
important  to  understand  whether  the  value  you  are  being  given  is  per  some 
unit  of  time  (e.g.,  one  year)  and  how  cumulative  risks  increase  with  re- 
peated exposure.  It  seems  that  many  people  do  not  understand  the  concept 
that  cumulative  risks  are  greater  than  one-time  risks. 


Expected  Values 


Which  of  the  following  bets  would  you  take  if  you  could  only  choose  one 
of  them? 

1.  The  Big  12 

It  will  cost  you  $1  to  play.  If  you  roll  a pair  of  dice  and  get  a 12,  you  will 
get  your  $1  back,  plus  another  $24.  If  you  roll  any  other  number,  you 
will  lose  your  $1. 

2.  Lucky  7 

It  will  cost  you  $1  to  play  (same  cost  as  above).  If  you  roll  a “lucky  7" 
with  a pair  of  dice,  you  will  get  your  $1  back,  plus  another  $6.  If  you  roll 
any  other  number,  you  will  lose  your  $1. 

Stop  now  and  select  either  1 or  2. 

Most  people  choose  1,  reasoning  that  $24  if  a 12  is  rolled  is  four  times  more 
than  they  can  win  if  a 7 is  rolled,  and  the  cost  is  the  same  for  each  bet.  Let's 
see  if  this  thinking  is  correct. 

In  order  to  decide  which  is  the  better  bet,  we  need  to  consider  the  prob- 
ability of  winning  and  losing  and  the  corresponding  value  of  each.  There 
is  a formula  that  will  take  these  variables  into  account  and  yield  the 
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expected  value  (EV)  for  each  gamble.  An  expected  value  is  the  amount 
of  money  you  would  expect  to  win  on  each  bet  if  you  continued  playing 
over  and  over.  Like  all  probability  values,  it  depends  on  what  would  hap- 
pen in  the  long  run.  The  formula  for  computing  an  expected  value 
(EV)  is: 

EV  = (probability  of  a win)  x (value  of  a win)  -n  (probability  of  a loss)  x 
(value  of  a loss) 

Let's  consider  the  EV  for  Choice  1.  We  will  begin  by  computing 
the  probability  of  rolling  a 12  with  a pair  of  dice.  This  is  shown  in 
Figure  7.4. 

There  is  only  one  way  to  roll  a 12,  and  that  is  with  a 6 on  each  die.  The 
probability  of  this  happening  when  the  dice  are  fair  is  1/6  x 1/6  = 1/36  = .028. 
(Because  we  are  interested  in  finding  the  probability  of  a 6 on  the  first  and 
the  second  die,  we  use  the  "and  rule"  and  multiply.)  Thus,  we  would  expect 
to  roll  a 12  about  2.8%  of  the  time.  What  is  the  probability  of  not  rolling 
a 12?  Because  we  are  certain  that  you  will  either  roll  a 12  or  not  roll  a 12 
(this  covers  all  possible  events),  you  can  subtract  .028  from  1.00.  The  prob- 
ability of  not  rolling  a 12  is  .972.  (You  could  also  arrive  at  this  figure,  with 
some  small  rounding  differences,  by  calculating  the  probability  of  each  of 
the  35  other  possible  outcomes — each  will  be  1/36 — and  adding  them 
together.) 

Using  these  probability  values,  the  EV  formula  for  Choice  1 becomes: 
(Choice  1 ): 

EV  = (Probability  of  a 1 2)  x (Value  of  a 1 2)  -n 

(Probability  of  not  getting  a 1 2)  x (Value  of  not  getting  a 1 2) 

EV  = [(.028)  X ($24)]  + [(.972)  x (-$1)] 

EV=  $.672  -$.972 

EV  = -$.30  for  (Choice  l)Let's  review  what  happened  in  this  formula,  if  you 
rolled  a 12,  you  would  win  $24,  which  is  the  value  associated  with  this  win. 
if  you  rolled  a number  other  than  a 12,  you  would  lose  the  $1  you  paid  to 
play  this  game,  thus  -$1  is  the  value  associated  with  this  loss.  The  probabil- 
ity of  a win  was  multiplied  by  the  value  of  a win.  The  probability  of  a loss 
was  multiplied  by  the  value  of  a loss.  Then,  these  two  products  were  added 
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Figure  7.4  A tree  diagram  depicting  all  possible  outcomes  of  rolling  a pair  of  dice. 


together.  The  EV  of  this  bet,  -$.30,  means  that  in  the  long  run,  if  you  con- 
tinue playing  this  game  many  times,  you  could  expect  to  lose,  on  the  aver- 
age, $.30  for  every  game  played.  Of  course,  on  any  single  game,  you  would 
either  lose  $1  or  win  $24,  but  after  many,  many  games  you  would  have  lost 
an  average  of  $.30  per  game.  If  you  played  1,000  games,  making  the  same 
bet  each  time,  you  would  be  $300  poorer. 


How  does  this  compare  with  Choice  2?  To  calculate  the  EV  of  Choice  2,  we 
will  begin  by  computing  the  probability  of  rolling  a 7.  How  many  ways  is 
it  possible  to  roll  a 7 with  a pair  of  fair  dice?  You  could  get  a 1 on  one  die 
and  a 6 on  the  other;  a 2 and  a 5;  a 3 and  a 4;  a 4 and  a 3;  a 5 and  a 2;  or 
a 6 and  a 1.  Thus,  there  are  6 possible  ways  to  roll  a 7 out  of  36  possible 
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outcomes.  The  probability  of  any  one  of  these  outcomes  is  1/6  x 1/6,  which 
equals  1/36.  (This  is  the  probability  of  rolling,  for  example,  a one  on  the 
first  die  and  a six  on  the  second  die.)  Thus,  to  determine  the  probability  of 
one  number  followed  by  a second  number,  you  would  apply  the  “and 
rule."  Because  you  are  now  concerned  with  the  probability  of  a 1 followed 
by  a 6 or  a 2 followed  by  a 5 or  a 3 followed  by  a 4 or  a 4 followed  by  a 3 or 
a 5 followed  by  a 2 or  a 6 followed  by  a 1,  you  should  recognize  the  second 
step  as  a case  where  the  "or  rule"  is  needed.  Since  there  are  six  possible 
combinations,  you  would  add  1/36  six  times  (which  is,  of  course,  the  same 
as  multiplying  it  by  6).  Thus,  the  probability  of  rolling  a 7 with  a pair  of 
dice  is  6/36  (1/6  or  .167).  The  probability  of  not  rolling  a 7 is  1 — .167, 
which  equals  .833.  Now  we  calculate  the  EV  of  Choice  2. 

(Choice  2): 

EV  = (Probability  of  a 7)  x (Value  of  a 7)  + 

(Probability  of  not  getting  a 7 x (Value  of  not  getting  a 7) 

EV  = [(.167)  X ($6)]  + [(.833)  x (-$1 )] 

= ($1.002— .833) 

= $.1 69,  or  approximately  $.1  7 for  (Choice  2) 

This  means  that  if  you  continued  to  gamble  on  Choice  2,  you  would  win 
an  average  of  $.17  for  every  game  played.  Thus,  after  1,000  games,  you 
could  expect  to  be  $170  richer.  Of  course,  as  in  Choice  1,  you  would  never 
actually  win  this  amount  on  any  single  game;  this  is  what  would  result  if 
you  continued  playing  many,  many  games.  This  is  what  would  happen  "in 
the  long  run." 

Even  though  you  might  have  originally  thought  otherwise.  Choice  2 is  the 
better  choice  because  of  the  relatively  high  probability  associated  with  roll- 
ing a 7.  Seven  has  a high  probability  because  there  were  six  possible  com- 
binations that  would  add  up  to  a 7. 

There  is  a party  game  that  is  based  on  the  principle  that  the  more  ways  an 
event  can  occur,  the  more  likely  it  is  to  occur.  Suppose  you  get  a random 
sample  of  40  people  together  in  a room.  Estimate  the  probability  that  two 
of  them  share  the  same  birthday.  You  may  be  surprised  to  learn  that  the 
probability  is  approximately  .90.  Can  you  figure  out  why  it  is  so  high? 
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There  are  many,  many  ways  that  40  people  can  share  the  same  birthday.  To 
figure  out  the  exact  probability,  you  would  take  all  combinations  of  40 
people,  two  at  a time.  Thus,  we  would  have  to  start  with  the  combination 
of  person  1 with  person  2,  then  person  1 with  person  3,  and  so  on  until 
person  1 is  matched  with  person  40;  then  we  would  begin  again  matching 
person  2 with  person  3,  2 with  4,  on  until  2 is  matched  with  40.  This  whole 
process  would  have  to  be  repeated  until  every  one  of  the  40  people  is 
matched  with  every  other  one.  Because  there  are  so  many  possible  combi- 
nations of  any  two  people  sharing  any  birthday  in  the  year,  this  "coinci- 
dence" is  more  probable  than  it  may  have  seemed  at  first.  The  probability 
of  two  people  sharing  a common  birthday  is  over  .50  when  there  are  23 
people  and  over  .75  when  there  are  32  people  (Loftus  & Loftus,  1982).  You 
can  use  this  knowledge  to  make  wagers  at  parties  or  at  any  gathering  of 
people,  it  is  a fairly  good  bet  when  the  number  of  people  is  close  to  40. 
Most  people  find  it  hard  to  believe  that  the  probability  is  so  high. 

You  can  also  use  your  knowledge  of  probability  to  improve  your  chances  in 
other  situations.  Take,  for  example,  Aaron  and  Jill,  who  have  been  arguing 
over  who  should  take  out  the  garbage.  Their  mother  agrees  to  help  them 
settle  this  matter  by  picking  a number  from  1 to  10.  The  one  whose  num- 
ber comes  closer  to  the  one  selected  by  their  mother  will  win  the  dispute. 
Aaron  goes  first  and  picks  "3."  What  number  should  Jill  select  to  maximize 
her  chances  of  winning?  Stop  now  and  decide  what  number  she  should 
select.  The  best  number  for  Jill  to  pick  is  4.  if  her  mother  were  thinking  of 
any  number  greater  than  3,  Jill  would  win  with  this  strategy.  Thus,  she  can 
change  the  probability  of  winning  in  what  seems  like  a chance  situation. 


Subjective  Probability 


We  usually  do  not  deal  directly  with  known  or  objective  probabilities,  such 
as  the  probability  of  rain  on  a given  day  or  the  probability  of  developing 
heart  disease  if  oral  contraceptives  are  taken.  Yet,  every  day  we  make  deci- 
sions using  our  best  estimate  of  the  likelihood  of  events.  Subjective 
probability  refers  to  personal  estimates  of  the  likelihood  of  events.  This 
term  is  in  distinction  from  objective  probability,  which  is  a mathemati- 
cally determined  statement  of  likelihood  about  known  frequencies.  Subjec- 
tive probabilities  are  often  wrong  in  two  ways.  First  is  the  best  guess  or 
subjective  estimate  of  the  probability  of  an  event.  Consider  Charlie,  whose 
dating  hopes  are  described  below.  More  than  anything  in  the  world,  he 
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wants  a kiss  from  the  fair  Louise.  As  you  read  below,  he  estimates  the  prob- 
ability that  she  will  agree  to  go  on  a date  with  him  as  .10  and  the  subse- 
quent probability  that  she  will  kiss  him  as  .95.  He  estimated  these 
probabilities,  and  he  could  be  way  off. 

A second  way  that  subjective  probabilities  can  be  in  error  is  in  his  estimate 
of  how  high  is  the  "value"  of  this  kiss.  There  is  a large  body  of  research 
literature  on  affective  forecasting,  which  refers  to  our  ability  to  predict 
(forecast)  how  we  will  feel  (affect)  about  an  event  (Hoerger,  Quirk,  Lucas,  & 
Carr,  2010).  As  you  can  probably  guess,  most  people  are  not  very  good  at 
accurately  predicting  how  they  will  feel  about  something  in  the  future. 
Alas,  Charlie  may  have  overestimated  the  power  of  his  first  kiss.  Psycholo- 
gists who  have  studied  subjective  probability  have  found  that  human  judg- 
ments of  probability  are  often  fallible,  yet  we  rely  on  them  to  guide  our 
decisions  in  countless  situations. 


Base-Rate  Neglect 

Charlie  is  anxious  to  experience  his  first  kiss.  If  he  asks  Louise  to  go  to  the 
movies  with  him,  he  is  only  10%  sure  that  she  will  accept  his  invitation, 
but  if  she  does,  he  is  95%  sure  that  she  will  kiss  him  goodnight.  What  are 
Charlie's  chances  for  romance? 

Initial  or  a priori  probabilities  are  called  the  base  rate.  In  this  problem, 
the  first  hurdle  that  Charlie  has  to  "get  over"  is  getting  Louise  to  go  out 
with  him.  The  probability  of  this  occurring  is  10%.  It  is  important  to  think 
about  this  figure — the  base  rate.  Ten  percent  is  a fairly  low  value,  so  it  is 
likely  that  she  will  not  go  out  with  him.  He  wants  to  know  the  probability 
of  two  uncertain  events  occurring — she  both  goes  out  with  him  and  she 
kisses  him.  Before  we  start  to  solve  this  problem,  think  about  the  kind  of 
answer  you  would  expect.  Will  it  be  greater  than  95%,  between  95%  and 
10%,  or  less  than  10%? 

To  solve  this  problem,  we  will  use  a tree  diagram  to  depict  the  possible 
outcomes  and  the  probability  associated  with  each.  Of  course,  it  is  not 
likely  that  Charlie  or  any  other  Romeo-wanna-be  will  actually  compute  the 
probability  values  or  draw  a tree  diagram  for  determining  the  probability 
of  this  momentous  event,  but  this  example  demonstrates  how  likelihoods 
combine.  Maybe  he  will  decide  that  the  probability  of  a kiss  from  Louise  is 
so  small  that  he  will  opt  for  Brunhilda,  who  is  both  more  likely  to  accept 
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his  offer  of  a date  and  succumb  to  his  romantic  charms.  Besides,  anyone 
who  has  actuaiiy  estimated  probabiiity  vaiues  for  romance  might  aiso  want 
to  be  more  precise  in  his  estimates  of  two  or  more  events. 

We  wiii  start  with  a tree  diagram  that  first  branches  into  "Louise  accepts  his 
date"  and  "Louise  deciines."  A second  branch  wiii  be  drawn  from  the  Lou- 
ise accepts  his  date  node  indicating  whether  he  gets  kissed  or  not.  Each 
branch  shouid  have  the  appropriate  probabiiity  iabeis.  Of  course,  if  Louise 
deciines  his  invitation,  Chariie  definiteiy  wiii  not  get  kissed.  The  branch 
from  the  "Louise  deciines"  node  is  thus  iabeied  1.00  for  "Chariie  doesn't 
get  kissed." 


Charlie  gets  kissed 


Charlie  doesn't  get  kissed 


Charlie  doesn't  get  kissed 


According  to  the  and  ruie  for  finding  the  probabiiity  of  two  (or  more) 
events,  the  probabiiity  that  Louise  wiii  kiss  Chariie  goodnight  is: 


.10  X .95  = .095 


Are  you  surprised  to  find  that  the  objective  probabiiity  is  iess  than  the  iow 
base  rate  of  10%  and  much  iess  than  the  higher  secondary  or  subsequent 
rate  of  95%?  Most  peopie  are.  Hopefuiiy,  you  recognized  that  any  vaiue 
greater  than  10%  wouid  have  been  indicative  of  a conjunction  error.  Recaii 
from  the  eariier  section  on  conjunction  errors  that  the  probabiiity  of  two 
uncertain  events  both  occurring  (Louise  accepts  and  kisses  Chariie)  must  be 
iess  than  the  probabiiity  of  either  event  aione.  Most  peopie  ignore  (or  un- 
derestimate) the  iow  base  rate  and  estimate  their  answer  as  cioser  to  the 
higher  secondary  rate.  In  general,  people  tend  to  overestimate  the  probabil- 
ity of  two  or  more  uncertain  events  occurring.  This  type  of  error  is  known 
as  base-rate  neglect.  Of  course,  in  real  life,  estimates  of  probabilities  for 
events  like  having  a date  accept  your  invitation  and  then  the  probability 
that  she  or  he  will  kiss  you  are  not  very  exact,  so  it  may  be  a bit  of  a stretch 
to  ask  poor  Charlie,  in  this  example,  to  compute  the  combined  probabili- 
ties of  both  of  these  events  actually  happening.  Other  situations  in  which 
probabilities  are  calculated  from  population  values,  like  the  "probability  of 
getting  malaria  if  you  travel  in  a tropic  country  during  a rainy  summer" 
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and  the  "probability  of  having  a reaction  to  malaria  medicine"  may  be  a 
more  realistic  example  where  you  might  want  to  calculate  joint  probabili- 
ties. But,  in  either  case,  it  is  important  to  understand  that  if  one  event  oc- 
curs rarely,  the  likelihood  of  that  event  plus  another  one  will  be  even  less 
than  the  rare  one  alone. 


Gambler's  Fallacy 

The  "Wheel  of  Fortune"  is  a popular  game  at  fairs,  casinos,  amusement 
parks,  and  on  television  game  shows.  It  consists  of  a large  wheel,  which  can 
be  spun.  The  wheel  is  divided  into  many  numbered  sections,  much  like  a 
roulette  wheel.  A rubber  marker  indicates  the  winning  number. 

Suppose  that  your  friend,  Vanna,  decides  to  approach  the  Wheel  of  Fortune 
in  a scientific  manner.  She  sits  at  the  Wheel  of  Fortune  and  records  when 
each  number  comes  up  as  the  winning  number.  Suppose  Vanna  has  re- 
corded the  following  series  of  winning  numbers:  3,  6,  10,  19,  18,  4,  1,  7,  7, 
5,  20,  17,  2,  14,  19,  13,  8,  11,  13,  16,  12,  15,  19,  3,  8.  After  examining  these 
numbers  very  carefully,  she  proclaims  that  a 9 has  not  appeared  in  the  last 
25  spins;  therefore,  she  plans  to  bet  heavily  on  number  9,  because  it  is  now 
much  more  likely  to  occur.  Would  you  agree  with  her  that  this  is  a good  bet? 

If  you  responded,  "Yes,"  you  have  committed  a very  common  error  in  un- 
derstanding probability.  The  Wheel  of  Fortune  has  no  memory  for  which 
numbers  have  previously  appeared.  If  the  wheel  had  been  built  so  that  each 
number  is  equally  likely  to  win,  then  a 9 is  equally  likely  on  each  spin, 
regardless  of  how  frequently  or  infrequently  it  appeared  in  the  past.  People 
believe  that  chance  processes  like  spinning  a Wheel  of  Fortune  should  be 
self-correcting  so  that  if  an  event  has  not  occurred  in  a while  it  is  now  more 
likely  to  occur.  This  misconception  is  called  Gambler's  Fallacy.  (Of 
course,  if  you  recall  the  roulette  example,  there  are  some  likely  imperfec- 
tions in  the  wheel  which  would  make  some  numbers  more  likely  than 
others,  but  if  this  were  so,  then  the  fact  that  9 was  not  a recent  outcome 
would  mean  that  it  is  less  likely  to  occur  in  a future  spin — a prediction  that 
is  opposite  from  gambler's  fallacy.) 

Gambler's  fallacy  can  be  found  in  many  settings.  Consider  a sports  exam- 
ple. A "slumping"  batter  who  has  not  had  a hit  in  a long  while  is  some- 
times believed  to  be  more  likely  to  have  a hit  because  he  is  "due"  one.  A 
sports  enthusiast,  who  is  a friend  of  mine,  told  me  the  following  story 
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about  Don  Sutton,  a former  pitcher  for  the  Dodgers.  One  season,  Sutton 
gave  up  a great  many  runs.  He  predicted  that  this  "slump"  would  be  fol- 
lowed by  a "correction"  so  that  he  would  end  up  the  season  at  his  usual 
average.  Unfortunately,  there  is  no  correction  for  chance  factors  and,  be- 
cause he  had  such  a poor  start  to  the  season,  he  ended  the  season  below 
his  usual  average. 

Often,  people  will  continue  to  believe  in  Gambler's  Fallacy  even  after  it  has 
been  explained  to  them.  Students  have  told  me  that  while  they  can  under- 
stand on  an  intellectual  level  why  Gambler's  Fallacy  must  be  wrong,  on  an 
intuitive  or  "gut"  level,  it  seems  that  it  ought  to  be  right.  Understanding 
probability  often  requires  that  we  go  against  our  intuitive  hunches  because 
they  are  often  wrong.  Let's  try  another  example. 

Wayne  and  Marsha  have  four  sons.  Although  they  really  do  not  want  to 
have  five  children,  both  have  always  wanted  a daughter.  Should  they  plan 
to  have  another  child,  because  they  are  now  more  likely  to  have  a daugh- 
ter, given  that  their  first  four  children  were  boys?  If  you  understand  Gam- 
bler's Fallacy,  you  will  recognize  that  a daughter  is  as  likely  as  a son  on  the 
fifth  try,  just  as  it  was  on  each  of  the  first  four.  (Actually,  because  slightly 
more  boys  than  girls  are  born,  the  probability  of  having  a boy  baby  is 
slightly  higher  than  the  probability  of  having  a girl  baby.)  Gambler's  Fal- 
lacy also  has  a flip  side,  the  belief  that  random  events  run  in  streaks.  Con- 
sider the  following  two  scenarios: 

A.  A basketball  player  has  just  missed  2 or  3 of  the  last  shots  in  a row. 

She  is  about  to  shoot  again. 

B.  A basketball  player  has  just  made  2 or  3 of  the  last  shots  in  a row. 

She  is  about  to  shoot  again. 

Is  she  more  likely  to  make  the  basket  in  A or  B? 

Gilovich  (1991)  asked  questions  like  this  one  to  knowledgeable  basketball 
fans  and  found  that  91%  believed  that  the  player  was  more  likely  to  be 
successful  in  B than  in  A.  In  other  words,  they  believed  that  players  shoot 
in  streaks.  In  order  to  determine  whether  there  is  any  evidence  to  support 
the  "belief  in  streaks,"  Gilovich  analyzed  data  from  the  Philadelphia  76ers. 
He  found  that: 

• if  a player  just  made  a shot,  51%  of  the  next  shots  were  successful; 

• if  a player  just  missed  a shot,  54%  of  the  next  shots  were  successful; 


Likelihood  and  Uncertainty  371 


• if  a player  made  2 shots  in  a row,  50%  of  the  next  shots  were 
successful; 

• if  a player  missed  2 shots  in  a row,  53%  of  the  next  shots  were 
successful. 

These  data  show  no  evidence  that  players  shoot  in  streaks.  Yet,  interviews 
with  the  76ers  players  themselves  showed  that  they  believe  that  they  shot 
in  streaks.  It  is  very  difficult  to  convince  people  that  chance  is  exactly 
that — it  doesn't  self-correct  or  run  in  nonrandom  streaks. 


Making  Probabilistic  Decisions 


Most  of  the  important  decisions  that  we  make  in  life  involve  probabilities. 
Although  decision  making  is  discussed  more  fully  in  the  next  chapter,  let's 
consider  how  tree  diagrams  can  be  an  aid  for  decision  making. 

Edith  is  trying  to  decide  on  a college  major.  She  attends  a very  selective 
university  that  has  independent  admissions  for  each  of  its  majors.  She  is 
seriously  thinking  about  becoming  an  accountant.  She  knows  that  the  Ac- 
counting Department  accepts  25%  of  the  students  who  apply  for  that 
major.  Of  those  accepted,  70%  graduate,  and  90%  of  those  who  graduate 
pass  the  national  accounting  examination  and  become  accountants.  She 
would  like  to  know  what  her  chances  are  of  becoming  an  accountant  if  she 
pursues  the  accounting  major. 

To  answer  this  question,  draw  a tree  diagram  with  branches  that  represent 
the  "path"  for  success  in  accounting. 


Accepted 

Probability  (successful 
accountant)  = .25  x .70  x .90  = .158 


From  the  above  diagram,  you  can  see  that  the  probability  of  becoming  a 
successful  accountant  is  equal  to  .25  x .70  x .90,  which  is  .158.  At  this 
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point,  Edith  might  want  to  consider  other  options.  For  example,  she  could 
consider  applying  to  both  the  accounting  major  and  to  the  education 
major.  She  could  recalculate  her  chances  for  success  in  one  of  these  majors, 
both  of  these  majors  (if  this  is  a possible  option  for  her),  and  neither  of 
these  majors. 

This  example  assumes  that  we  have  no  additional  information  on  which  to 
base  Edith's  chances  of  success.  Suppose  instead  that  we  know  that  Edith 
has  excellent  math  skills.  Shouldn't  this  sort  of  information  change  the 
probabilities  involved  and  make  it  more  likely  that  Edith  be  admitted, 
graduate,  and  succeed  in  a math-related  occupation?  Intuitively,  the  an- 
swer is  "yes."  Let's  see  how  the  problem  changes  by  considering  Jose's  prob- 
ability for  success  in  the  following  example. 

Combining  Information  to  Make  Predictions 

Jose  has  always  wanted  to  be  an  actor.  Accordingly,  he  plans  to  sell  his 
worldly  possessions  and  head  for  a career  in  the  "Big  Apple"  (the  loving 
nickname  for  New  York).  Suppose  that  you  and  Jose  both  know  that  only 
about  4%  of  all  aspiring  actors  ever  "make  it"  professionally  in  New  York. 
This  value  is  the  base  rate;  it  is  based  on  information  that  is  known  before 
we  have  any  specific  information  about  Jose.  Stop  and  think  about  this 
figure — the  base  rate.  It  tells  us  that  very  few  aspiring  actors  become  profes- 
sionals in  this  field.  In  other  words,  the  chance  of  success  is  low.  Suppose 
that  you  had  no  additional  information  about  Jose.  What  value  would  you 
predict  as  his  chance  of  success?  If  you  said  4%,  right  on!  In  the  absence  of 
any  other  information,  use  the  base  rate. 

Jose  tells  you  not  to  worry,  because  75%  of  those  who  are  successful  have 
curly  hair  and  can  sing  and  tell  jokes  well.  Because  he  has  curly  hair  and  is 
a good  singer  and  a hilarious  comedian,  he  feels  confident  that  he  will 
soon  be  sending  8 x 10  glossy  pictures  of  himself  to  his  fan  club  members. 
This  second  value  is  called  the  secondary;  it  is  the  probability  value  that 
relates  specific  information  about  characteristics  that  are  associated  with 
Jose  and  with  an  outcome.  We  will  use  these  two  probability  values  to  de- 
cide if  Jose's  optimism  is  warranted.  Exactly  how  likely  is  he  to  succeed? 
Before  you  continue,  make  a probability  estimate  for  his  chance  of  success. 
Remember,  probabilities  range  from  0 to  1,  with  0 meaning  he  will  defi- 
nitely fail  and  have  to  return  to  Peoria,  and  1 meaning  he  will  definitely 
succeed  on  Broadway.  Stop  now  and  make  a subjective  probability  judg- 
ment of  his  chance  for  success. 
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Can  you  think  of  a way  of  objectively  finding  his  chance  of  success?  In 
order  to  arrive  at  an  objective  probability,  you  will  need  to  know  another 
number,  one  that  is  often  ignored — the  percentage  of  those  who  fail  and 
have  the  attributes  that  are  associated  with  success  (in  this  case,  curly  hair 
and  the  ability  to  sing,  dance,  and  joke).  Few  people  realize  that  they  need 
to  consider  this  value  in  assessing  the  probability  of  success.  For  ease  of 
reference,  I will  call  the  attributes  that  are  associated  with  success  (curly 
hair  and  ability  to  sing  and  tell  jokes)  "curly  hair,"  and  the  absence  of  these 
attributes,  I will  call  "not  curly  hair."  Suppose  that  50%  of  those  who  fail 
have  these  attributes.  Once  again,  tree  diagrams  can  be  used  to  determine 
probabilities  in  this  context.  Let's  begin  at  a starting  point  and  consider  all 
possible  outcomes.  In  this  case,  he  will  either  succeed  or  fail,  so  we  will 
label  the  first  branches  "succeed"  and  "fail."  As  before,  we  will  put  the 
probability  of  each  event  along  the  appropriate  branch: 


These  two  probabilities  (.04  and  .96)  sum  to  1.0  because  they  include  all 
possibilities.  One  of  these  two  possibilities  must  occur,  so  they  will  add  up 
to  1.0  to  indicate  absolute  certainty. 

Jose  knows  that  75%  of  those  who  succeed  have  curly  hair.  In  this  example, 
what  we  are  trying  to  find  is  the  probability  of  a certain  outcome  (success) 
given  that  we  already  have  information  that  is  relevant  to  the  probability  of 
that  outcome.  Let's  add  a second  branch  to  the  tree  diagram,  branching  off 
from  the  succeed  node  and  the  fail  node.  There  are  four  different  probabili- 
ties involved  in  this  example:  the  probability  of  succeeding  and  having  curly 
hair,  the  probability  of  succeeding  and  not  having  curly  hair,  the  probability 
of  failing  and  having  curly  hair,  and  the  probability  of  failing  and  not  having 
curly  hair.  These  four  possibilities  are  shown  in  the  next  tree  diagram. 

p (succeed|curly  hair) 
p (succeed|not  curly  hair) 
p (fail|curly  hair) 


p (fail|not  curly  hair) 
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Because  75%  (.75)  of  those  who  succeed  have  curly  hair  and  25%  (.25)  do 
not  have  this  attribute,  the  sum  of  all  probabilities  from  a tree  node  must 
sum  to  1.0.  Similarly,  50%  of  those  who  fail  have  curly  hair,  while  50%  of 
those  who  fail  do  not  possess  this  attribute.  Because  we  are  considering 
everyone  who  fails,  these  values  must  also  sum  to  1.0. 

Once  the  tree  diagram  is  drawn,  it  is  a simple  matter  to  compute  Jose's 
objective  probability  of  success.  As  before,  multiply  along  each  branch  to 
find  the  probabilities,  in  this  case,  we  would  multiply  the  values  along  each 
branch  of  the  tree  diagram  and  compile  the  information  in  a chart: 


P[Succeed  Sc  Curly  Hair] 

= .04  X .75  = 

.03 

P[Succeed  & Not  Curly  Hair] 

= .04  X .25  = 

.01 

P[Fail  & Curly  Hair] 

= .96  X .50  = 

.48 

P[Fail  Sc  Not  Curly  Hair] 

= .96  X .50  = 

1.0000 

To  determine  Jose's  true  chance  of  success,  we  need  to  divide  the  propor- 
tion of  those  who  succeed  and  have  curly  hair  (.03)  by  the  total  proportion 
who  have  curly  hair  (.48  -i-  .03  = .51).  We  are  trying  to  predict  Jose's  success 
based  on  the  knowledge  that  he  has  curly  hair  and  that  some  proportion 
of  all  people  with  curly  hair  are  successful.  Of  all  of  those  with  curly  hair 
(.51),  what  proportion  of  them  succeed  (.03)? 

Proportion  who  succeed  & curly  hair  03 

= = .Oo 

Total  proportion  of  people  with  curly  hair  .03 + .48 

Thus,  Jose's  chances  for  success  are  50%  higher  (6%  versus  3%)  than  they  are 
for  any  unknown,  aspiring  actor,  but  they  are  still  very  low.  Knowing  that  he 
has  certain  attributes  that  are  associated  with  success  improved  his  probabil- 
ity of  success  above  the  base  rate,  but  the  improvement  was  very  small. 

You  may  find  it  easier  to  follow  the  logic  of  these  calculations  by  putting 
the  information  in  a table  format. 


Succeed 

Fail 

Row  Totals 

Curly  hair,  etc. 

0.03 

0.48 

0.51 

No  curly  hair,  etc. 

0.01 

0.48 

0.49 

Column  Total 

0.04 

0.96 

1.00 

Likelihood  and  Uncertainty  375 


Are  you  surprised  to  find  that  his  chance  of  success  is  so  low  given  that 
the  posterior  or  secondary  probability  value  was  so  high  (75%)?  Most 
people  are.  The  reason  that  Jose  has  such  a slim  chance  of  becoming  an 
actor  is  because  so  few  people,  in  general,  succeed.  The  probability  value 
Jose  obtained  was  close  to  the  a priori,  or  base  rate,  of  success  among  all 
aspiring  actors.  Because  so  few  actors,  in  general,  succeed,  Jose,  and  any 
other  would-be  thespian,  has  a low  chance  for  success.  In  general,  most 
people  overestimate  success  when  base  rates  are  low  and  underestimate 
success  when  base  rates  are  high.  In  the  earlier  example  concerning  Edith, 
we  had  only  base-rate  information  to  use  in  predicting  success.  By  con- 
trast, we  had  additional  information  about  Jose  that  allowed  us  to  im- 
prove upon  the  base  rate  when  predicting  his  success,  although  because 
of  the  low  rate  of  success  for  actors  in  general,  the  improvement  was 
slight. 

For  those  of  you  who  prefer  to  think  spatially  or  think  in  terms  of  frequen- 
cies instead  of  probabilities,  think  about  a group  of  100  people,  4 of  whom 
are  successful  actors  (4%)  and  96  are  not  (96%).  This  group  is  shown  in 
Figure  7.5.  Four  of  the  100  "people"  depicted  are  smiling — these  represent 
the  successful  actors.  If  you  had  no  other  information  to  use  to  predict  suc- 
cess for  Jose,  you  would  use  this  base  rate  information  and  give  him  a 4% 
probability  for  success. 

Now  let's  consider  the  additional  information.  Three  of  the  4 of  those  who 
are  shown  smiling  have  curly  hair  (3/4  or  75%),  whereas  half  (50%)  of 
those  who  are  not  smiling  have  curly  hair.  This  information  is  combined 
with  the  base-rate  information.  It  is  depicted  in  Figure  7.6  with  the  addi- 
tion of  curly  hair  to  the  successful  and  unsuccessful  actors.  Of  the  4 smiling 
faces,  3 have  curly  hair  (75%),  and  of  the  96  frowning  faces,  48  (50%)  have 
curly  hair. 

By  examining  these  figures,  it  should  be  easy  to  see  that  what  we  are  doing 
mathematically  is  finding  the  proportion  of  smiling  faces  with  curly  hair 
relative  to  all  of  the  faces  with  curly  hair  in  order  to  use  this  information 
about  Jose  to  predict  his  success.  Graphically,  this  is  3 smiling  faces  with 
curly  hair  as  a proportion  (or  fraction)  of  the  51  faces  that  have  curly  hair: 

3/51  = 0.06 

To  review,  when  you  are  calculating  the  probability  of  an  outcome,  given 
that  you  have  information  that  is  relevant  to  its  probability,  you  will: 
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Figure  7.5  Pictorial  representation  of  a 4%  success  rate.  Note  that  4%  of  the  faces  are 
smiling,  which  represents  the  base  rate — 4%  of  all  aspiring  actors  succeed.  If  we  had  no 
personal  information  about  Jose,  his  expected  probability  of  success  would  be  4%. 

1.  Draw  a complete  tree  diagram,  with  the  base  rate  information  (e.g., 
success  or  failure)  as  the  first  set  of  nodes.  Use  the  secondary  infor- 
mation to  draw  the  second  set  of  nodes. 

2.  Make  a chart  with  all  combinations  of  the  base  rate  information 
and  secondary  information  as  the  rows  in  the  chart. 

3.  Multiply  probabilities  across  each  of  the  branches  of  the  tree  dia- 
gram and  fill  in  each  row  of  the  chart  with  these  values. 

4.  Form  a ratio  (fraction)  with  the  probability  value  from  the  branch 
that  you  are  interested  in  (e.g.,  success  given  that  he  has  curly  hair) 
as  the  numerator,  and  the  sum  of  this  value  and  the  other  branch 
that  contains  the  same  conditional  statement  (e.g.,  failure  given  that 
he  has  curly  hair),  in  this  example,  51  people  had  curly  hair  (3  were 
successful  and  48  were  not  successful),  so  that  is  the  denominator. 

5.  Check  your  answer.  Does  it  make  sense?  Would  you  expect,  as  in 
this  example,  that  the  probability  of  success  is  higher  than  the  base 
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Figure  7.6  Pictorial  representation  of  the  relative  proportion  of  successful  and  unsuc- 
cessful actors  who  have  the  same  attributes  of  Jose.  These  are  depicted  by  the  addition 
of  curly  hair.  When  we  use  personalized  information  to  make  predictions,  we  form  a 
fraction  of  the  proportion  of  those  who  are  successful  and  have  the  attribute  (smiling 
and  curly  hair)  over  the  total  proportion  of  those  who  have  the  attribute  (curly  hair).  In 
this  case,  3 smiling  faces  with  curly  hair  form  the  numerator  and  the  51  faces  that  have 
curly  hair  form  the  denominator. 


rate  because  we  know  something  about  the  individual  that  is  as- 
sociated with  success?  (If  we  knew  that  Jose  had  some  trait  that  was 
associated  with  failure,  we  would  predict  that  his  chance  of  success 
would  be  less  than  the  base  rate,  but  with  low  base  rates,  it  proba- 
bly will  not  be  much  less.) 

Let's  try  a more  realistic  example:  There  are  many  diseases  that  occur  with 
low  base  rates  in  the  population.  Medical  test  results  must  be  interpreted 
in  light  of  the  relevant  base  rates  for  each  disease.  Medicine,  like  most 
other  disciplines,  is  a probabilistic  science,  yet  few  physicians  receive  train- 
ing in  understanding  probabilities.  Failure  to  utilize  base-rate  information 
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can  lead  to  improper  diagnoses.  Base  rate  neglect  is  a pervasive  error  in 
thinking  about  probabilistic  outcomes.  Consider  Dreman's  (1979)  sum- 
mary of  a large  body  of  research  on  this  effect: 

The  tendency  to  underestimate  or  altogether  ignore  past  probabilities  in 
making  a decision  is  undoubtedly  the  most  significant  problem  of  intui- 
tive predictions  in  fields  as  diverse  as  financial  analysis,  accounting,  geog- 
raphy, engineering,  and  military  intelligence,  (cited  in  Dreman,  D.,  1998, 
p.  236) 


Thinking  with  Frequencies 

A common  response  to  problems  like  the  one  with  Jose  is  that  the  problem 
is  too  difficult.  In  fact,  even  though  many  physicians  have  to  interpret 
laboratory  tests  where  the  information  is  similar  to  that  in  the  Jose  prob- 
lem, many  of  the  physicians  admit  that  they  do  not  understand  how  they 
can  use  probability  information  to  make  important  decisions  about  the 
health  of  their  patients.  Many  people  find  it  easier  to  think  about  probabili- 
ties in  situations  like  this  one  by  imaging  frequencies  (Gigerenzer  & Hof- 
frage,  1995;  Lovett  & Schunn,  1999).  Here  is  a real-life  example  that  was 
used  by  Gigerenzer  and  his  colleagues  who  looked  for  ways  to  make  com- 
puting probability  information  easier  to  understand.  Everyone  was  given 
the  same  opening  paragraph: 

To  facilitate  early  detection  of  breast  cancer,  women  are  encouraged 
from  a particular  age  on  to  participate  at  regular  intervals  in  routine 
screening,  even  if  they  have  no  obvious  symptoms.  Imagine  you  con- 
duct in  a certain  region  such  a breast  cancer  screening  using  mam- 
mography. For  symptom-free  women  aged  40  to  50  who  participate  in 
screening  using  mammography,  the  following  information  is  available 
for  this  region: 

After  reading  this  paragraph,  half  of  the  physicians  in  the  study  were  given 
the  probability  format  and  half  were  given  the  frequency  format.  Here  is  the 
same  information  in  two  different  formats  (Gigerenzer  & Hoffrage,  1995): 

Probability  format:  The  probability  that  one  of  these  women  has  breast 
cancer  is  1%.  If  a woman  has  breast  cancer,  the  probability  is  80%  that 
she  will  have  a positive  mammography  test.  If  a woman  does  not  have 
breast  cancer,  the  probability  is  10%  that  she  will  still  have  a positive 
mammography  test.  Imagine  a woman  (aged  40  to  50,  no  symptoms) 
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who  has  a positive  mammography  test.  What  is  the  probability  that  she 
actually  has  breast  cancer? 

? (fill  in  your  answer) 

Frequency  Format:  Ten  out  of  every  1000  women  have  breast  cancer. 
Of  these  10  women  with  breast  cancer,  8 will  have  a positive  mammo- 
graphy test.  Of  the  remaining  990  women  without  breast  cancer,  99  will 
still  have  a positive  mammography  test.  Imagine  a sample  of  women  (aged 
40  to  50,  no  S5miptoms)  who  have  positive  mammography  tests.  How 
many  of  these  women  actually  have  breast  cancer? out  of ? 

How  did  you  go  about  answering  these  questions? 


For  the  probability  format: 


Cancer^.....^ 

Lab  test  shows 
cancer 

Lab  test  does 
not  show  cancer 

Row  totals 

Has  cancer 

.01  X .80  = .008 

.01  X .20  = .002 

.01 

Does  not  have 
cancer 

.99  X .10  = .099 

.99  X .90  = .891 

.99 

Column  Totals 

.107 

.893 

1.00 

Probability:  has  cancer  given  that/test  shows 

"has  cancer"  = — •9^?.  „ = 7.5% 

.008 -H  .099 

number  who  have  cancer  and  positive  test  8 

Frequency:  ! = = 7.5% 

number  with  positive  test  107 

The  researchers  found  that  when  this  information  was  given  in  the  probabil- 
ity format,  only  10%  of  the  physicians  could  reason  correctly,  but  when  the 
information  was  given  in  the  frequency  format,  46%  reasoned  correctly.  The 
ability  to  combine  probability  information  is  an  important  thinking  skill — 
decisions  about  treatment  options  depend  on  how  people  understand  num- 
bers. With  practice,  we  can  all  think  better  with  numbers. 

The  Problem  of  False  Positives 

People  may  not  like  or  even  understand  what  scientists  say,  especially 
when  what  they  say  is  complex,  counterintuitive  or  ambiguous. 

— John  Allen  Paulos  (2009,  December  10,  para.  1) 
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The  public  outcry  against  two  recent  recommendations  from  national 
health  organizations  shows  the  difficulty  in  understanding  information 
about  health  risks.  Scientists  at  the  U.S.  Preventive  Services  Task  Force 
(USPSTF,  2009)  have  recommended  against  routine  mammograms  for 
women  in  their  40s  who  have  no  symptoms  of  cancer.  A similar  recom- 
mendation for  men  was  issued  by  the  same  group  in  2011;  they  recom- 
mended against  a commonly  used  test  (PSA,  which  stands  for  protein-specific 
antigen)  that  screened  for  prostate  cancer.  These  recommendations  are 
counterintuitive  because  most  people  reason  that  early  screening  increases 
the  likelihood  that  cancer  will  be  detected  while  in  an  early  stage  and  early 
detection  can  save  lives.  How  can  responsible  scientists  make  these 
recommendations? 

The  scientists  determined  that  these  early  screening  tests  do  more  harm 
than  good,  but  it  will  require  some  work  to  explain  the  reasoning  behind 
this  decision.  1 rely  on  the  excellent  article  on  the  prostate  screening  con- 
troversy by  Arkes  and  Gaissmaier  (2012)  for  this  explanation.  First  is  a 
concept  that  comes  up  repeatedly  in  this  book — anecdotes  are  powerful. 
The  statistical  analysis  behind  the  USPSTK  report  does  not  have  the  same 
impact  as  learning  that  the  brother-in-law  of  your  karate  teacher  is  alive 
today  because  he  has  a PSA  test  that  identified  prostate  cancer.  The  limita- 
tions of  anecdotes  are  repeated  throughout  this  book. 

To  explain  the  reasoning  behind  NOT  getting  screened  for  cancer,  Arkes 
and  Gaissmaier  (2012)  ask  you  to  imagine  two  large  rooms  each  containing 
1,000  men.  The  men  in  the  Screened  Room  all  had  a PSA  test,  and  those  in 
the  Not  Screened  Room  did  not.  About  eight  men  from  each  room  will  die 
from  prostate  cancer  in  the  next  10  years  (Djulbegovic  et  al.,  2010).  But 
how  is  that  possible  if  many  men  claim  that  the  PSA  test  saved  their  lives? 

Now  imagine  three  groups  of  men  in  the  Screened  Room. 

Group  1:  The  PSA  Test  detected  prostate  cancer,  which  led  to  early  treat- 
ment, and  these  men  are  alive  today.  The  data  are  not  clear  as  to  whether 
or  not  their  lives  were  really  extended  by  early  detection  and  treatment, 
but  the  men  in  this  group  believe  their  lives  were  saved  by  the  PSA  Test. 

Group  2:  The  second  group  consists  of  approximately  20  men  who  had 
positive  identifications  of  cancer  from  the  PSA  Test,  and  they  received  early 
treatment.  But,  for  the  men  in  this  group,  the  cancers  would  not  have  done 
any  harm  (they  had  a slow  growing  type  of  cancer)  if  it  had  not  been 
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detected.  Unfortunately  many  of  these  men  have  serious  side  effects  from 
the  treatment,  including  impotence  and/or  incontinence.  They  also  had  a 
small  risk  of  dying  from  the  treatment.  They  do  not  know  that  they  would 
have  been  better  off  without  the  PSA  Test  because  the  treatments  were  un- 
necessary and  harmful,  so  they  erroneously  believe  that  the  test  saved  their 
lives. 

Group  3:  There  are  about  180  men  in  the  Screened  Room  with  false  posi- 
tive tests.  This  means  that  the  test  was  wrong — it  diagnosed  prostate  can- 
cer when  they  did  not  have  cancer.  They  underwent  biopsies  (with  some 
small  risk  in  addition  to  the  pain  and  expense).  Most  of  these  men  are  re- 
lieved to  find  out  that  they  really  do  not  have  cancer  and  few  will  be  angry 
about  the  false  positive  test  result. 

With  this  thought  experiment,  we  can  understand  why  many  men  who 
were  screened  for  prostate  cancer  believe  that  it  is  a good  test.  They  do  not 
know  about  the  men  in  the  Unscreened  Room  where  the  death  rate  from 
prostate  cancer  is  identical  to  that  for  men  who  were  screened.  Of  course, 
in  real  life,  these  rooms  do  not  exist,  and  we  do  not  have  the  information 
about  screening  presented  in  a way  that  is  easy  to  understand.  The  real  situ- 
ation is  actually  even  more  negative  when  considering  cancer  screening. 
Let's  assume  that  6%  of  the  population  of  all  men  actually  has  prostate 
cancer.  This  is  a low  base  rate — which  means  that  it  occurs  with  a low  prob- 
ability. When  the  base  rate  is  low  (as  seen  in  the  example  presented  earlier 
with  the  low  probability  of  becoming  a successful  actor),  there  will  be 
many  false  positives  (men  who  are  diagnosed  with  cancer  and  do  not  have 
it)  and  false  negatives  (men  with  cancer  who  are  not  identified  with  the 
test).  Unfortunately,  many  people  have  an  emotional  need  for  certainty, 
especially  when  dealing  with  health  information  (Gigerenzer,  Gaissmaier, 
Kurz-Milcke,  Schwartz,  & Woloshin,  2007).  Traditionally,  doctor-patient 
relationships  were  based  on  trust,  not  statistics,  but  by  understanding  basic 
principles  in  likelihood  and  uncertainty,  we  can  all  make  better  choices 
and  live  better  lives. 

Nonregressive  Judgments 

Harris  is  a new  student  at  Rah-Rah  State  University.  The  average  grade 
point  average  (GPA)  for  all  students  at  Rah-Rah  is  2.8.  Harris  is  new  to  this 
college  and  has  not  yet  taken  any  exams.  Although  we  have  no  informa- 
tion about  Harris  specifically,  what  would  be  your  best  guess  that  his  grade 
point  average  will  be? 
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Stop  here  and  make  your  best  guess  for  his  grade  point  average. 

After  his  first  set  of  midterm  exams,  Harris  has  a midterm  GPA  of  3.8.  Given 
this  new  information,  what  would  you  now  predict  for  Harris'  GPA  at  the 
end  of  the  school  year?  Most  people  readily  answer  the  first  question  with 
2.8,  the  average  GPA  for  all  students  at  Rah-Rah.  This  is  a correct  answer, 
as  in  the  absence  of  any  specific  information,  the  average  for  all  students, 
the  population  at  Rah-Rah,  is  the  best  estimate  for  anyone.  Most  people 
answer  the  second  question  with  3.8.  Unfortunately,  this  is  not  the  best 
answer.  Although  it  is  true  that  someone  who  scores  high  on  midterms  will 
also  tend  to  score  high  on  finals,  the  relationship  is  not  a one-to-one  or 
perfect  relationship.  In  general,  when  someone  scores  extremely  high  on 
some  scale,  she  or  he  will  score  closer  to  the  average  the  second  time.  Thus, 
the  best  prediction  for  Harris'  GPA  at  the  end  of  the  school  year  will  be  less 
than  3.8  and  greater  than  2.8.  (The  actual  value  can  be  mathematically 
determined,  but  the  calculations  are  beyond  the  scope  of  this  book.)  This 
is  a difficult  concept  to  understand  because  most  people  find  it  to  be 
counterintuitive . 

It  may  be  useful  to  think  about  a sports  example.  Consider  your  favorite 
athletes.  Although  they  may  have  a truly  exceptional  performance  one  day, 
most  often  they  will  perform  closer  to  average,  but  still  above  average  on 
other  days.  After  all,  no  one  bowls  all  perfect  games  or  bats  1,000.  Sports 
enthusiasts  will  recognize  this  principle  as  the  "sophomore  slump."  After 
an  outstanding  first  year  at  a sport,  the  star  will  usually  perform  closer  to 
average  during  her  second  year.  This  phenomenon  is  called  regression 
toward  the  mean.  (Mean  is  just  another  term  for  average — it  is  com- 
puted by  adding  up  all  the  values  you  are  interested  in  and  dividing  that 
sum  by  the  number  of  values.) 

Earlier  in  this  chapter,  I talked  about  the  Laws  of  Chance.  No  one  can  pre- 
dict accurately  the  height  of  any  particular  individual.  But,  in  the  long  run, 
that  is  with  many,  many  extremely  tall  fathers,  most  of  their  son's  heights 
will  show  regression  toward  the  mean.  Thus,  as  before,  we  can  make  better 
predictions  by  knowing  about  the  Laws  of  Chance,  but  we  will  not  always 
be  accurate.  It  is  important  to  understand  this  concept  whenever  dealing 
with  probabilistic  events. 

Kahneman  and  Tversky  (1973)  studied  what  can  happen  when  regression 
toward  the  mean  is  not  understood  by  professionals.  Israeli  flight  instruc- 
tors were  told  that  they  should  praise  their  students  when  they  successfully 
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performed  difficult  flight  patterns  and  maneuvers  and  that  they  should 
criticize  exceptionally  poor  performance.  Based  on  what  you  have  just 
learned  about  regression  toward  the  mean,  what,  in  general,  should  hap- 
pen after  a pilot  performs  extremely  well?  Subsequent  maneuvers  should 
be  closer  to  average,  or  less  than  exceptional,  because  the  performance 
moved  or  regressed  toward  the  mean  (average).  Conversely,  what  should 
you  expect  to  happen  following  very  poor  performance?  Again,  subsequent 
maneuvers  should  tend  to  be  more  average,  or  in  this  case,  they  would 
improve,  although  they  may  still  be  less  than  average.  The  Israeli  flight 
instructors  did  not  understand  regression  toward  the  mean  and  errone- 
ously concluded  that  praise  led  to  poorer  performance  and  criticism  im- 
proved it. 

Regression  to  the  mean  is  ubiquitous,  yet  few  people  ever  recognize  it. 
Let's  consider  another  example  of  regression  to  the  mean.  Suppose  that 
you  learn  of  a self-help  group  for  people  with  children  who  seriously  mis- 
behave. (There  really  are  such  groups.)  Most  parents  will  enter  these 
groups  when  their  child's  behavior  is  at  its  worst  because  most  parents 
will  seek  help  only  when  the  behavior  is  extremely  bad.  After  a few  weeks 
in  the  program,  many  parents  report  an  improvement  in  their  child's 
behavior.  Can  we  conclude  that  the  program  probably  worked  to  help 
parents  control  their  children's  behavior?  Think  regression  to  the  mean! 
If  parents  entered  the  program  when  the  behavior  is  extremely  bad,  then 
no  matter  what  they  do,  including  nothing  at  all,  the  child's  behavior  will 
most  likely  regress  toward  the  mean.  In  other  words,  if  a child  is  ex- 
tremely misbehaved,  it  is  statistically  true  that  the  child  will  move  toward 
the  average  on  measures  of  behavior.  We  would  not  predict  angelic  or 
even  average  behavior,  just  some  improvement  or  movement  toward  the 
mean.  Because  this  is  a statistical  prediction,  sometimes,  we  will  be 
wrong,  but  on  the  average  and  in  the  long  run,  we  will  be  right  with  this 
prediction.  Thus,  we  cannot  conclude  anything  about  the  effectiveness  of 
this  program  unless  we  conduct  a true  experiment  of  the  sort  that  was 
described  in  the  last  chapter.  We  might  randomly  assign  children  and 
families  to  these  groups  and  to  "no  treatment  control  groups"  and  then 
determine  if  the  children  in  the  self-help  group  were  significantly  better 
behaved  than  those  who  received  no  treatment.  We  must  be  able  to  ran- 
domly assign  families  to  groups  before  we  can  conclude  that  the  self-help 
group  was  helpful  in  improving  the  child's  behavior.  Once  you  start  look- 
ing for  regression  to  the  mean,  you  will  be  surprised  how  many  events  in 
life  are  best  explained  by  "moving  toward  the  average"  and  not  to  other 


causes. 
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Risk 


We  pride  ourselves  on  being  the  only  species  that  understands  the  con- 
cept of  risk,  yet  we  have  a confounding  habit  of  worrying  about  mere 
possibilities  while  ignoring  probabilities,  building  barricades  against 
perceived  dangers  while  leaving  ourselves  exposed  to  real  ones. 

—Jeffrey  Kluger  (2006,  para.  4) 

If  we  examine  data  from  thousands  of  communities  around  the  United 
States  or  around  the  world,  we  will  find  that  some  communities  have  ex- 
ceptionally high  rates  of  some  sorts  of  cancers,  birth  defects,  brain  tumors, 
unexplained  deaths,  and  other  maladies.  How  can  we  know  if  there  are 
links  between  these  high  rates  of  illness  and  toxic  substances,  such  as  pes- 
ticides in  the  water,  magnetic  fields  from  electrical  power  lines,  or  chance? 

The  notion  of  frequency,  or  how  often  an  event  occurs,  is  inherent  in  the 
definition  of  probability.  If  an  event  is  frequent,  then  its  occurrence  is 
highly  probable.  To  determine  the  risk  involved  with  a disastrous  event,  we 
need  first  to  determine  the  frequency  with  which  it  occurs.  Because  most 
disastrous  events  are  rare  (e.g.,  plane  crashes,  leaks  from  nuclear  plants) 
and,  in  some  cases,  take  years  before  they  are  evident  (e.g.,  cancers  from 
environmental  hazards),  determining  their  frequency  is  a very  difficult 
task.  To  understand  how  people  make  judgments  involving  risks,  we  need 
to  understand  how  they  determine  the  frequency  of  real-life  risky  events. 
Several  researchers  (e.g.,  Lichtenstein,  Slovic,  Fischoff,  Layman,  & Combs, 
1978)  have  focused  on  the  way  people  judge  the  frequency  of  lethal  events. 
They  studied  these  phenomena  by  asking  college  students  and  members  of 
the  League  of  Women  Voters  to  decide  which  of  two  possible  causes  of 
death  is  more  probable  for  several  pairs  of  lethal  events.  To  understand 
their  experiment  and  their  results,  let's  try  a few  examples.  For  the  follow- 
ing pairs  of  items,  indicate  which  is  the  more  likely  cause  of  death  and  then 
estimate  how  much  more  likely  your  choice  is  than  the  other  event: 


A.  asthma 

or 

tornado 

B.  excess  cold 

or 

syphilis 

C.  diabetes 

or 

suicide 

D.  heart  disease 

or 

lung  cancer 

E.  flood 

or 

homicide 

F.  syphilis 

or 

diabetes 
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G.  asthma 

H.  poisoning  by  vitamins 

I.  tuberculosis 

J.  all  accidents 


or  botulism 


or  lightning 
or  homicide 


or  stomach  cancer 


[Researchers  found  that  while,  in  general,  people  were  more  accurate  as  the 
differences  in  the  true  frequencies  of  occurrence  between  the  events  in- 
creased, they  made  a large  number  of  errors  in  estimating  the  relative  fre- 
quencies of  the  events.  Their  subjects  overestimated  the  frequencies  of 
events  that  occurred  very  rarely  and  underestimated  the  frequencies  of 
those  events  that  occurred  very  often.  In  addition,  lethal  events  that  had 
received  a great  deal  of  publicity  (e.g.,  airplane  crashes,  flood,  homicide, 
tornado,  botulism)  were  overestimated,  while  those  that  were  undramatic, 
silent  killers  (e.g.,  diabetes,  stroke,  asthma,  tuberculosis)  were  underesti- 
mated. It  seems  that  publicized  events  were  more  easily  brought  to  mind, 
and  this  biased  their  judgments  of  frequency.  Hazards  that  are  unusually 
memorable,  such  as  a recent  disaster  or  an  event  depicted  in  a sensational- 
ized way  on  the  news,  like  a major  plane  crash  or  botulism  in  undercooked 
hamburgers,  distort  our  perceptions  of  risk.  This  was  clear  when  a few  in- 
cidents of  shootings  in  high  schools  in  the  United  States  were  immediately 
followed  by  anxious  parents  who  took  their  children  out  of  public  high 
schools  and  enrolled  them  in  private  schools.  Of  course,  the  shooting 
death  of  high  school  students  was  extremely  tragic,  but  these  same  parents 
would  allow  their  children  to  drive  when  they  were  sleepy  or  never  in- 
structed them  about  ways  to  prevent  sexually  transmitted  diseases,  both  of 
which  are  far  more  likely  to  occur  than  a school  shooting.  The  more  salient 
events  were  perceived  to  be  the  greater  risk  than  the  less  publicized  but 
more  likely  dangers  of  an  automobile  accident  or  sexually  transmitted  dis- 
ease. In  Chapter  2, 1 made  the  point  that  memory  is  an  integral  component 
of  all  thinking  processes.  What  we  remember  is  a major  influence  on  how 
we  think. 

Assessing  Risks 

How  do  the  experts  make  decisions  that  involve  potentially  disastrous  out- 
comes? How  can  we,  as  informed  citizens  and  voters,  make  less  risky  deci- 
sions? Questions  like  these  are  timely,  but  not  easy  to  answer. 

The  goal  of  risk  assessment  is  to  find  ways  to  avoid,  reduce,  or  manage  risks. 
Risk  is  associated  with  every  aspect  of  life.  For  example,  approximately  200 
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people  are  electrocuted  each  year  in  accidents  involving  home  wiring  or 
appliances,  and  7,000  people  die  each  year  in  U.S.  homes  as  a result  of  falls 
(most  of  these  people  are  over  65).  Yet,  few  of  us  would  interpret  these  risks 
as  great  enough  either  to  forgo  electricity  or  stop  walking  in  our  homes. 
Other  risks  are  clearly  too  large  to  take.  Few  of  us,  for  example,  would  de- 
cide to  cross  a busy  freeway  wearing  a blindfold.  And  still  other  risks  are 
largely  unknown,  such  as  the  release  of  a new  chemical  into  the  environ- 
ment or  the  development  of  a new  technology.  Wilson  and  Crouch  (1987) 
suggested  several  ways  of  estimating  risks  that  voters  and  consumers  should 
consider  when  deciding  if  an  action  or  a technology  is  safe  enough. 

• One  method  of  risk  assessment  involves  examining  historical  data. 
For  example,  to  understand  the  risk  of  cancer  due  to  exposure  to 
medical  x-rays,  there  are  data  that  indicate  that  for  a given  dose  per 
year  (40  mrem),  there  is  an  expected  number  of  cancers  (1,100). 
This  sort  of  risk  information  can  be  compared  to  other  known  risks 
so  that  consumers  can  decide  if  the  benefits  of  medical  x-rays  out- 
weigh the  risks. 

• The  risk  of  a new  technology  for  which  there  are  no  historical  data 
can  be  computed  when  the  occurrence  of  the  events  are  indepen- 
dent by  calculating  the  risk  of  separate  components  and  multiply- 
ing along  the  branches  of  a decision  tree.  This  method  of  calculating 
probabilities  was  presented  in  an  earlier  section  of  this  chapter.  A 
well-known  example  is  the  probability  of  a severe  accident  at  a 
chemical  plant. 

• Risks  can  also  be  calculated  by  analogy.  (The  use  of  analogies  as  an 
aid  to  problem  solving  is  discussed  more  fully  in  the  following  two 
chapters.)  When  animals  are  used  to  test  drugs,  the  experimenter  is 
really  using  an  analogy  to  extrapolate  the  risk  to  humans. 


Biases  in  Risk  Assessment 

Understanding  the  role  of  optimistic  biases  in  consequential  and  emo- 
tional domains  such  as  health,  relationships,  and  investments  requires 
studying  judgments  in  circumstances  in  which  passions  are  strong.  . . . 
We  found  that  people  are  optimistic  in  their  predictions — they  judge 
preferred  outcomes  to  be  more  likely  than  nonpreferred  outcomes. 

— Cade  Massey,  Joseph  R Simmons,  and  David  A.  Armor 

(2011,  p.  279). 
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Psychologists  and  others  who  study  the  way  people  determine  if  something 
is  "too  risky"  know  that  most  of  us  fall  prey  to  common  biases  when  we 
assess  the  "murky  psychometrical  stew"  (Paulos,  1994,  p.  34)  that  consti- 
tutes the  numerical  information  and  misinformation  that  we  need  to  inter- 
pret. Here  are  some  common  biases  (Wandersman  & Hallman,  1993): 

1.  When  a risk  is  voluntary,  it  is  perceived  to  be  less  risky  than  one 
that  is  not  voluntary.  For  example,  cosmetic  surgery  is  often  be- 
lieved to  be  safer  than  a nonelective  surgery.  After  all,  patients 
choose  to  undergo  cosmetic  surgery,  so  they  must  rationalize  that 
it  is  "safe  enough." 

2.  Natural  risks  are  believed  to  be  less  hazardous  than  artificial  ones. 
For  example,  many  people  believe  that  naturally  occurring  toxins 
in  our  food  are  less  dangerous  than  ones  that  are  caused  by  pesti- 
cides or  preservatives  that  are  added. 

3.  Memorial  events  in  which  many  people  are  harmed  at  once  are 
perceived  as  riskier  than  more  mundane  and  less  vivid  events.  An 
example  of  this  effect  is  the  large  number  of  people  who  are  terri- 
fied of  plane  crashes,  but  give  little  thought  to  automobile  safety. 

It  is  clear  that  personal  risk  perceptions  are  not  the  same  as  scientific  risk 
estimates.  Experts  in  risk  assessment  perceive  risks  based  on  annual  mortal- 
ity so  that  the  event  that  results  in  the  greater  number  of  deaths  is  judged 
to  be  the  greater  risk.  Experts,  for  example,  ranked  motor  vehicles  as  riskier 
than  nuclear  power  (because  more  people  are  expected  to  die  from  motor 
vehicle  accidents),  whereas  samples  of  college  students  and  members  of  the 
League  of  Women  Voters  ranked  nuclear  power  as  the  greater  risk  (because 
it  is  an  example  of  a spectacular  dreaded  outcome). 

Answers  to  the  questions  about  the  probability  of  lethal  events  with  the 
true  frequency  of  each  event  (rate  per  100,000,000)  are  found  on  the  next 
page.  Check  your  answer  and  see  if  you  made  the  common  errors  of  over- 
estimating events  that  are  more  memorable  and  likely  to  affect  many 
people  at  one  time  (like  a plane  crash)  and  underestimating  those  risks  over 
which  we  believe  have  some  control  (like  driving  an  automobile). 
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More  Likely 

Rate 

Less  Likely 

Rate 

A.  Asthma 

920 

Tornado 

44 

B.  Syphilis 

200 

Excess  Cold 

163 

C.  Diabetes 

19,00 

Suicide 

12,000 

D.  Heart  Disease 

36,000 

Lung  Cancer 

37,000 

E.  Homicide 

9,200 

Flood 

100 

F.  Diabetes 

19,000 

Syphilis 

200 

G.  Asthma 

900 

Botulism 

1 

H.  Lightning 

52 

Poisoning/ 

Vitamins 

.5 

1.  Homicide 

9,200 

Tuberculosis 

1,800 

J.  All  Accidents 

55,000 

Stomach  Cancer 

46,600 

Statistical  Use  and  Abuse 


There  are  three  kinds  of  lies:  lies,  damned  lies,  and  statistics. 

—Disraeli  (1804-1881) 

When  we  want  to  find  out  something  about  a group  of  people,  it  is  often  impos- 
sible or  inconvenient  to  ask  everyone  in  the  group.  Suppose  you  want  to  know 
if  people  who  donate  blood  to  the  Red  Cross  are,  in  general,  kind  and  generous 
people.  Because  you  cannot  examine  everyone  who  donates  blood  to  determine 
how  kind  and  considerate  she  or  he  is,  you  would  examine  a portion  of  the 
population,  which  is  called  a sample.  A number  calculated  on  a sample  of 
people  is  called  a statistic.  ("Statistics"  is  also  the  branch  of  mathematics  that 
utilizes  probability  theory  to  make  decisions  about  populations.) 

Statistics  are  found  everywhere,  from  baseball  earned  run  averages  to  the 
number  of  war  casualties.  Many  people  are  rightfully  suspicious  of  statis- 
tics. A small  book  by  Huff  (1954)  humorously  illustrates  many  of  the  pos- 
sible pitfalls  of  statistics.  The  book  is  entitled  How  to  Lie  With  Statistics.  In 
it,  he  rhymes  the  following  message:  "Like  the  Tittle  dash  of  powder,  little 
pot  of  paint,'  statistics  are  making  many  an  important  fact  look  like  what 
she  ain't"  (p.  9).  But,  the  real  message  is  that  you  will  not  be  bamboozled 
with  statistics  if  you  understand  them. 

On  the  Average 

What  does  it  mean  to  say  that  the  average  American  family  has  2.1  chil- 
dren? This  number  was  computed  by  finding  a sample  of  American 
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families,  adding  up  the  number  of  children  they  have,  and  dividing  by  the 
total  number  of  families  in  the  sample.  This  number  could  provide  an  ac- 
curate picture  of  American  families,  as  most  may  have  about  two  children, 
with  some  having  more  and  others  less,  or  it  could  be  very  misleading.  It 
is  possible  that  half  of  the  families  had  no  children  and  half  had  four  or 
more  children,  thus  misleading  the  reader  into  believing  that  most  families 
had  "about"  two  children,  when  in  fact  none  did.  This  is  like  the  man  who 
had  his  head  in  the  oven  and  feet  in  the  freezer  and  reports  that,  on  the 
average,  he  is  quite  comfortable.  It  is  also  possible  that  the  sample  used  to 
calculate  this  statistic  was  not  representative  of  the  population — in  this 
case,  all  American  families.  If  the  sample  consisted  of  college  students  or 
residents  in  Manhattan,  the  number  obtained  would  be  too  low.  On  the 
other  hand,  if  the  sample  was  taken  in  rural  farm  areas,  the  number  ob- 
tained may  be  too  high.  When  samples  are  not  representative  of  the  popu- 
lation, they  are  called  biased  samples.  The  statistics  calculated  on  biased 
samples  will  not  yield  accurate  information  about  the  population. 

Averages  can  also  be  misleading  since  there  are  three  different  kinds  of  aver- 
ages. Consider  Mrs.  Wang's  five  children.  The  oldest  is  a successful  corporate 
executive.  She  earns  $500,000  a year.  The  second  is  a teacher  who  earns 
$25,000  a year.  Child  3 is  a waiter  who  earns  $15,000  a year.  The  other  two 
are  starving  artists,  each  earning  $5,000  a year.  If  Mrs.  Wang  wants  to  brag 
about  how  well  her  children  turned  out,  she  could  compute  an  arithmetic 
average,  which  is  called  the  mean.  The  mean  is  what  most  people  have  in 
mind  when  they  think  about  averages.  It  is  the  sum  of  all  of  the  values  di- 
vided by  the  total  number  of  values.  The  mean  income  for  Mrs.  Wang's 
children  is  $550,000/5  = $110,000.  Certainly,  anyone  who  is  told  this  figure 
would  conclude  that  Mrs.  Wang  has  very  successful  and  wealthy  children. 

The  reason  that  the  mean  income  for  Mrs.  Wang's  children  was  so  high  is 
because  there  is  one  extreme  score  that  inflated  this  type  of  average.  Aver- 
ages are  also  called  measures  of  central  tendency.  A second  kind  of 
measure  of  central  tendency  is  the  median.  It  is  not  affected  by  a few  ex- 
treme scores.  To  compute  the  median,  the  values  are  lined  up  in  ascending 
or  descending  order.  The  middle  value  is  the  median.  For  Mrs.  Wang's 
children,  this  would  be: 

$5,000;  $5,000;  $15,000;  $25,000;  $500,000. 

The  middle  value,  or  median,  is  the  third  value  of  $15,000.  Thus,  she  could  also 
claim  that  her  children  earn,  on  the  average,  $15,000.  (When  there  is  an  even 
number  of  values,  the  median  is  equal  to  the  mean  of  the  middle  two  values.) 
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Mrs.  Wang  can  honestly  claim  that  her  children  earn,  on  the  average, 
$110,000  or  $15,000.  The  point  of  this  discussion  is  that  you  should  be  wary 
of  average  figures.  To  understand  them,  you  need  to  know  whether  the  aver- 
age is  a mean  or  median  as  well  as  something  about  the  variability  of  the 
data  and  the  "shape"  of  the  distribution  (the  way  the  numbers  "stack  up"). 


Precision 

Suppose  I tell  you  that  a scientific  survey  was  conducted  on  the  length  of 
workdays  for  office  workers.  Furthermore,  this  study  found  that  the  mean 
workday  is  8.167  hours  long.  Does  this  sound  impressive  and  scientific? 
What  if  I told  you  that  most  office  workers  work  about  8 hours  a day?  Most 
of  you  would  say,  "I  know  that.  Why  did  they  bother?"  The  point  is  that 
we  are  often  impressed  with  precise  statistics,  even  when  the  precision  is 
unwarranted.  A more  humorous  example  of  over-precision  comes  from  one 
of  America's  most  famous  authors,  Mark  Twain.  He  once  reported  that  the 
Mississippi  River  was  100  million  and  3 years  old.  It  seems  that  three  years 
earlier,  he  learned  that  it  was  100  million  years  old. 


Significant  Differences 

If  you  wanted  to  know  the  mean  height  of  all  women,  you  could  select  a 
sample  of  one  hundred  women,  measure  their  height,  and  compute  the  mean. 
Suppose  you  took  another  sample  of  one  hundred  women  and  computed 
their  mean  height.  Would  you  expect  the  means  of  these  two  samples  to  be 
exactly  the  same?  No,  of  course  not,  since  there  could  be  expected  to  be  small 
differences  or  fluctuations  between  these  values.  Each  value  was  computed  on 
different  women,  and  each  will  yield  a slightly  different  mean  value. 

If  someone  measured  a sample  of  women  who  belong  to  sororities  and 
found  that  their  mean  height  is  5'5"  and  then  measured  women  who  do 
not  belong  to  sororities  and  found  their  mean  height  to  be  5'4  1/2",  would 
you  conclude  that  sorority  sisters  are  taller  than  nonsorority  women?  I 
hope  not,  because  small  differences  between  groups  can  be  expected  to 
occur  just  by  chance.  There  are  statistical  procedures  to  determine  if  a dif- 
ference computed  on  two  or  more  samples  is  likely  to  have  happened  by 
chance.  If  it  is  very  unlikely  to  be  a chance  occurrence,  it  is  called  a sig- 
nificant difference. 

The  question  of  whether  a change  is  meaningful  also  applies  to  popula- 
tions as  well.  If  your  college  enrollment  went  from  15,862  to  15,879, 
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would  the  administrators  be  justified  in  concluding  that  the  increase  in 
enrollment  is  meaningful?  The  answer  to  this  question  depends  on  many 
other  variables,  if  the  enrollment  figure  has  been  edging  up  slowly  every 
year  for  the  last  five  years,  then  these  figures  may  represent  a slight,  but 
steady,  trend.  On  the  other  hand,  the  relatively  small  increase  could  be 
due  to  chance  fluctuations  and  may  not  represent  a meaningful  trend. 
Because  of  chance  factors,  it  could  just  as  easily  have  gone  down.  Simi- 
larly, a change  in  the  unemployment  rate  from  10.0%  to  9.9%  may  be 
nothing  more  than  random  fluctuation,  or  it  may  be  signaling  the  end  of 
an  economic  quagmire.  You  can  expect  that  Democrats  and  Republicans 
will  interpret  these  figures  differently  depending  on  who  is  in  office  at 
the  time. 


Extrapolation 

Extrapolation  occurs  when  a value  is  estimated  by  extending  some 
known  values,  if  the  number  of  psychology  majors  over  the  last  five  years 


"Compare  pornography  today  with  pornography 
100  years  ago...  Then  extrapolate  100  years  into 
the  future...  Now  that  stuff  is  going  to  be  nasty." 

From  www.CartoonStock.com.  Used  with  permission. 
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at  Podunck  University  was  approximately  150,  175,  200,  225,  and  250, 
respectively,  then  most  people  would  feel  comfortable  about  the  predic- 
tion that  the  number  of  psychology  majors  next  year  will  be  approxi- 
mately 275. 

Extrapolation  can  be  wrong,  and  sometimes  even  ridiculous.  For  example, 
suppose  we  were  to  examine  the  drop  in  the  size  of  American  families  be- 
tween 1900  and  1950.  By  extrapolation,  we  would  predict  that  the  average 
family  size  will  soon  be  zero,  and  then  become  a negative  number.  This  is, 
of  course,  an  inconceivable  idea!  This  is  like  saying  that  if  the  times  for  the 
100-meter  dash  keep  decreasing,  eventually  someone  will  run  it  in  zero 
seconds  and  then  in  negative  time. 

Chapter  Summary 

• Because  few  things  are  known  with  certainty,  probability  plays  a 
crucial  role  in  many  aspects  of  our  lives. 

• Probability  is  defined  as  the  number  of  ways  a particular  outcome 
(what  we  call  a success)  can  occur  divided  by  the  number  of  possi- 
ble outcomes  (when  all  outcomes  are  equally  likely).  It  is  also  used 
to  indicate  degrees  of  belief  in  the  likelihood  of  events  when  the 
objective  probabilities  are  unknown.  People  are  often  inaccurate 
when  they  estimate  the  likelihood  of  future  events. 

• In  general,  people  tend  to  be  more  confident  about  uncertain 
events  than  the  objective  probability  values  allow.  We  underesti- 
mate the  role  of  chance  when  thinking  about  many  events  and 
invent  our  own  explanations  for  random  outcomes. 

• Mathematically  equivalent  changes  in  the  way  probability  infor- 
mation is  presented  can  lead  to  dramatic  changes  in  the  way  it  is 
interpreted. 

• Tree  diagrams  can  be  used  to  compute  probabilities  when  there  are 
multiple  events  (e.g.,  two  or  more  flips  of  a coin).  When  the  events 
are  independent,  the  probability  of  any  combination  of  outcomes 
can  be  determined  by  multiplying  the  probability  values  along  the 
tree  “branches." 

• Expected  values  can  be  computed  that  will  take  into  account  the 
probabilities  and  values  associated  with  a loss  and  a win  in  betting 
situations.  One  real-life  problem  with  expected  values  is  that  peo- 
ple often  misjudge  the  value  of  an  outcome  (e.g.,  how  much  they 
will  enjoy  or  dislike  something). 
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• Subjective  probabilities  are  our  personal  estimates  of  how  likely 
events  with  unknown  frequencies  will  occur.  These  values  are  dis- 
torted systematically  when  people  believe  that  they  have  some 
control  over  probabilistic  events. 

• Most  people  fail  to  consider  the  cumulative  nature  of  the  likelihood 
of  risky  events. 

• People  judge  events  that  are  dramatic  and  more  publicized  to  be 
more  likely  than  events  that  are  less  dramatic  or  less  well  known. 
In  general,  people  overestimate  frequent  events  and  underestimate 
infrequent  ones. 

• There  is  a tendency  to  ignore  base-rate  information,  especially 
when  making  predictions  that  involve  combining  information. 

• Few  people  realize  that  if  a person  scores  extremely  high  or  low  on 
one  measure,  she  or  he  will  tend  to  score  closer  to  average  on  the 
second  measure.  Regression  to  the  mean  is  not  an  intuitive  con- 
cept, but  it  is  relevant  in  many  settings. 

• There  are  two  measures  of  central  tendency  that  are  frequently 
used — the  mean  and  median.  Each  is  computed  with  a different 
mathematical  formula. 

• There  are  several  systematic  biases  that  operate  when  most  people 
assess  risks.  These  include  downgrading  the  probability  of  volun- 
tary risks  and  those  over  which  we  have  some  perceived  con- 
trol, and  overestimating  risks  that  are  artificial,  memorial,  and 
unobservable. 

• Many  people  erroneously  believe  that  statistics  that  are  expressed 
in  precise  numbers  (e.g.,  many  decimal  places)  are  highly  credible. 

• Extrapolation  occurs  when  a value  is  estimated  by  extending  a 
trend  from  known  values.  Depending  on  what  is  being  extrapo- 
lated and  the  quality  of  the  data,  our  best  bets  for  future  outcomes 
can  range  from  fairly  accurate  to  wildly  unbelievable. 

The  following  skills  for  understanding  likelihood  and  uncertainty  were 
presented  in  this  chapter.  Review  each  skill  and  be  sure  that  you  under- 
stand how  and  when  to  use  each  one. 

• computing  expected  values  in  situations  with  known  probabilities 

• recognizing  when  regression  to  the  mean  is  operating  and  adjust- 
ing predictions  to  take  this  phenomenon  into  account 

• using  the  "and  rule"  to  avoid  conjunction  errors 
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• using  the  "or  rule"  to  calculate  cumulative  probabilities 

• recognizing  and  avoiding  Gambler's  Fallacy 

• utilizing  base  rates  when  making  predictions 

• using  tree  diagrams  as  a decision-making  aid  in  probabilistic 
situations 

• adjusting  risk  assessments  to  account  for  the  cumulative  nature  of 
probabilistic  events 

• understanding  the  differences  between  mean  and  median 

• avoiding  overconfidence  in  uncertain  situations 

• understanding  the  limits  of  extrapolation 

• using  probability  judgments  to  improve  decision  making 

• considering  indicators  like  historical  data,  risks  associated  with  dif- 
ferent parts  of  a decision,  and  analogies  when  dealing  with  un- 
known risks. 


Terms  to  Know 


Check  your  understanding  of  the  concepts  presented  in  this  chapter  by 

reviewing  their  definitions.  If  you  find  that  you  are  having  difficulty  with 

any  term,  be  sure  to  reread  the  section  where  it  is  discussed. 

Probability.  The  number  of  ways  a particular  event  can  occur  divided  by  the 
number  of  possible  outcomes  (when  all  outcomes  are  equally  likely  and  the 
events  are  independent).  It  is  a measure  of  how  often  we  expect  an  event  to 
occur  in  the  long  run.  Probability  is  also  used  to  express  degrees  of  belief  in  the 
likelihood  of  a future  event  when  there  is  no  objective  information  about  its 
occurrence. 

In  tbe  Long  Run.  Refers  to  the  need  for  numerous  trials  in  order  to  derive  ac- 
curate estimates  of  fhe  proportion  of  outcomes  that  will  be  a "success."  The 
laws  of  probability  apply  to  outcomes  when  there  are  many  trials  and  not  to 
the  outcome  on  any  single  trial. 

Odds.  A mathematical  method  for  indicating  probability  that  is  commonly  used 
in  sporting  events. 

Laws  of  Cbance  (or  Probability).  The  ability  to  predict  the  number  or  percent- 
age of  trials  on  which  a particular  outcome  will  occur. 

Overconfidence  Phenomenon.  The  tendency  for  people  fo  be  more  confident 
in  their  judgments  of  probability  than  the  objective  probability  values  allow. 

Multiple  Outcomes.  Refers  to  the  probability  of  an  event  occurring  in  two  or 
more  trials,  such  as  getting  two  heads  in  two  flips  of  a coin. 
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Tree  Diagrams.  Branching  diagrams  that  may  be  used  to  compute  probabilities 
by  considering  all  possible  outcomes  in  a sequence  of  events. 

Independent  Events.  Two  or  more  events  are  independent  when  the  occurrence 
of  one  event  does  not  affect  the  occurrence  of  the  other  events. 

Conjunctive  Error.  Mistaken  belief  fhat  the  co-occurrence  of  two  or  more  events 
is  more  likely  than  the  occurrence  of  one  of  the  events  alone. 

Cumulative  Probabilities.  The  probability  of  an  event  occurring  over  many 
trials. 

Expected  Value.  The  amount  of  money  you  would  expecf  to  win  in  the  long  run 
in  a betting  situation.  The  mathematical  formula  for  defermining  expected 
values  is  the  probability  of  winning  times  the  value  of  winning  plus  the  prob- 
ability of  losing  times  the  value  of  losing. 

Subjective  Probability.  Personal  estimates  of  the  probability  or  likelihood  of 
uncertain  events. 

Objective  Probability.  Mathematically  determined  statements  about  the  likeli- 
hood of  events  with  known  frequencies. 

Affective  Forecasting.  People  tend  to  be  poor  at  predicting  (forecasting)  how 
they  will  feel  in  the  future  if  a particular  event  occurs. 

Base  Rate.  Initial  or  a priori  probability  that  an  event  will  occur. 

Base-Rate  Neglect.  Pervasive  bias  to  ignore  or  underestimate  the  effect  of  initial 
probabilities  (base  rates)  and  to  emphasize  secondary  probability  values  when 
deciding  on  the  likelihood  of  an  outcome. 

Gambler's  Fallacy.  The  mistaken  belief  that  chance  events  are  self-correcting. 
Many  people  erroneously  believe  that  if  a random  event  has  not  occurred  re- 
cently, it  becomes  more  likely. 

Relative  Frequency.  How  often  an  event  occurs  relative  to  the  size  of  fhe  popu- 
lation of  events  at  the  time  of  its  occurrence. 

False  Positive.  A false  positive  outcome  occurs  when  a test  incorrectly  predicts  an 
outcome,  such  as  when  a test  erroneously  identifies  someone  with  a disease  or 
other  characteristic. 

Regression  Toward  the  Mean.  In  general,  when  someone  scores  extremely 
high  or  low  on  some  measure,  she  or  he  will  tend  to  score  closer  toward  the 
mean  (average)  in  a second  measurement. 

Sample.  A subset  of  a population  that  is  studied  in  order  to  make  inferences  about 
the  population. 

Statistic.  A number  that  has  been  calculated  to  describe  a sample.  (In  its  plural 
form,  it  is  the  branch  of  mathematics  that  is  concerned  with  probabilities  and 
mathematical  characteristics  of  disfributions  of  numbers.) 

Biased  Sample.  A sample  fhat  is  not  representative  of  the  population  from  which 
it  was  drawn,  so  you  cannot  use  information  from  that  sample  to  make  infer- 
ences about  the  population. 

Measures  of  Central  Tendency.  Numbers  calculated  on  samples  or  populations 
that  give  a single  number  summary  of  all  of  fhe  values.  Two  measures  of  central 
tendency  are  the  mean  and  median. 

Mean.  A measure  of  central  tendency  that  is  calculated  by  taking  the  sum  of  all 
the  values  divided  by  the  total  number  of  values.  Also  called  the  average. 

Median.  A measure  of  central  tendency  that  is  calculated  by  finding  the  middle 
value  in  a set  of  scores. 
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Sample  Size.  The  number  of  people  selected  for  a study.  Samples  need  to  be  large 
enough  (actual  values  are  not  given  here)  to  make  a valid  inference  about  the 
population. 

Significant  Difference.  A difference  between  two  groups  or  observations  that  is 
so  large  that  it  probably  did  not  occur  by  chance.  Statistical  tests  are  used  to 
determine  if  a difference  between  samples  is  statistically  significantly 
different. 

Extrapolation.  The  estimation  of  a value  from  a trend  suggested  by  known 
values. 
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Six  doctors  in  white  hospital  coats  approach  your  bed.  No  one  is  smil- 
ing. The  results  of  the  biopsy  are  in.  One  doctor  explains  that  the  cells 
were  irregular  in  shape;  they  appeared  abnormal.  It  seems  that  the 
tumor  was  not  clearly  malignant,  but  not  clearly  normal  either.  They 
probably  removed  the  entire  tumor.  It  is  hard  to  be  certain  about  these 
things.  You  have  some  choices.  You  could  leave  the  hospital  this  after- 
noon and  forget  about  this  unpleasant  episode,  except  for  semi-annual 
checkups.  There  is  an  above-average  chance,  however,  that  some  ab- 
normal cells  remain  and  will  spread  and  grow.  On  the  other  hand,  you 
could  choose  to  have  the  entire  area  surgically  removed.  While  this 
would  be  major  surgery,  it  would  clearly  reduce  the  risk  of  cancer. 

How  do  you  decide  what  to  do?  Your  first  response  is  probably  to  ask  the 
doctors  what  they  recommend.  But  if  you  do,  it  is  likely  that  you  will  not 
receive  a consensus  of  opinion.  Often  physicians  disagree  about  the  best 
way  to  treat  a disease,  especially  when  there  are  many  options,  as  in  the 
case  of  complicated  diseases  like  cancer,  kidney  disease,  or  AIDS,  it  is  pos- 
sible that  some  will  believe  that  the  risk  of  cancer  is  small  enough  to  war- 
rant the  wait-and-see  decision  (why  rush  to  operate?);  others  will  believe 
that  immediate  surgery  is  the  best  decision  (better  safe  than  sorry).  Ulti- 
mately, the  decision  is  yours. 

Of  course,  not  all  decisions  are  a matter  of  life  and  death.  We  are  constantly 
making  minor  decisions  without  much  thought,  such  as  what  to  wear,  what 
to  eat  for  breakfast,  which  pen  to  buy,  and  when  to  go  to  sleep.  Everyone  is 
faced  with  a lifetime  of  decisions,  and  some  of  them  have  major  and  far- 
reaching  consequences,  in  this  chapter,  we  are  concerned  with  life's  major 
decisions.  Major  decisions  include  medical  decisions  like  the  one  at  the  be- 
ginning of  this  chapter,  whether  to  marry,  whom  to  marry,  if  and  when  to 
have  children,  what  kind  of  occupation  to  choose,  how  to  spend  your 


Decision  Making  399 


hard-earned  dollars,  etc.  These  are  all  personal  decisions  that  virtually  every- 
one has  to  make.  We  also  must  decide  on  a host  of  political  and  business 
issues  like  whether  to  support  off-shore  drilling  for  oil,  when  to  increase  a 
company's  inventory,  which  stock  to  invest  in,  how  to  negotiate  a contract, 
which  party  to  support  during  political  upheaval,  and  how  to  increase  prof- 
its. in  this  chapter,  you  will  learn  skills  designed  to  help  you  make  sound 
decisions.  To  accomplish  this,  we  look  at  the  way  psychologists  and  others 
study  decision  making,  examine  common  pitfalls  and  fallacies  in  the  deci- 
sion-making process,  consider  the  risks  involved,  and  develop  a general 
strategy  or  plan  that  you  can  use  when  faced  with  a major  decision. 

Decision  making  always  involves  making  a choice  between  a set  of  possible 
alternatives,  if  you  have  read  the  previous  chapters  in  this  book,  then  you 
have  already  encountered  several  sections  on  how  to  make  intelligent 
choices,  in  the  chapter  on  analyzing  arguments,  for  example,  you  consid- 
ered the  way  in  which  reasons  support  or  refute  a conclusion.  When  ana- 
lyzing arguments,  you  make  many  decisions  about  the  relevance  and 
accuracy  of  information  and  how  well  the  reasons  that  are  provided  sup- 
port an  action  or  a belief,  in  the  chapters  on  hypothesis  testing  and  using 
probabilistic  information,  you  learned  about  drawing  tree  diagrams,  col- 
lecting information,  and  computing  likelihoods  to  make  decisions.  Because 
decision  making  is  a central  theme  in  critical  thinking,  different  aspects  of 
it  are  presented  throughout  this  book. 


Making  Sound  Decisions 


Decisions  per  se,  take  place  when  a goal  is  specified,  when  information 
is  gathered  and  judged,  when  values  are  used  to  choose  the  best  solu- 
tion, and  when  detailed  plans  are  made  and  valuated. 

— Wales  & Nardi  (1984,  p.  1) 

The  decision-making  process  is  frequently  stressful.  Ask  anyone  you  know 
who  has  recently  made  an  important  decision  and  you  will  most  likely  be 
told  about  sleepless  nights,  loss  of  appetite  (or  excessive  eating),  irritability, 
and  generalized  feelings  of  anxiety. 

it  may  seem  that  one  way  to  cope  with  the  stress  of  decision  making  is  to 
avoid  making  decisions  whenever  possible.  Although  avoidance  is  one  way 
of  handling  stressful  decisions,  it  is  seldom  a good  way.  You  should  be 
pleased  to  know  that  there  is  good  evidence  that  people  make  better  deci- 
sions after  they  receive  instruction  in  critical  thinking  (Helsdingen,  van 
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den  Bosch,  van  Gog,  & Merrienboer,  2010).  Every  time  you  find  yourself 
avoiding  a decision,  remember  that,  in  most  cases,  avoiding  a decision  is, 
in  fact,  making  one  without  any  of  the  benefits  of  a carefully  thought  out 
consideration  of  the  problem. 

A Framework  for  Decision  Making 

Results  from  past  research  have  indicated  that  poor  decisions  with  re- 
gard to  drugs,  alcohol,  and  other  issues  involving  personal  risks  often 
stem  from  poor  decision-making  strategies. 

— Kevin  Knight  and  Donald  E Dansereau  (1992,  p.  1) 

There  is  a common  model  or  framework  that  can  be  used  to  organize  our 
thinking  about  decision  making.  It  will  be  extended  in  the  following  two 
chapters,  which  are  concerned  with  solving  problems  and  thinking  cre- 
atively. The  three  topics  that  are  discussed  in  these  chapters — decision 
making,  problem  solving,  and  creative  thinking — have  a great  deal  of  over- 
lap in  the  way  they  are  conceptualized.  The  term  "decision  making"  is  used 
when  the  task  requires  the  decision-maker  to  select  the  best  alternative 
from  among  several  possibilities,  and  the  term  problem  solving  is  used  when 
the  task  requires  the  problem  solver  to  generate  alternatives.  This  sort  of 
distinction  is  arbitrary,  and  in  real  life,  it  is  often  difficult  to  decide  if  the 
task  requires  the  generation  of  alternatives  or  the  selection  of  alternatives. 
A decision  or  solution  is  creative  when  it  is  both  unusual  and  good  or 
effective.  Take  the  time  to  examine  Figure  8.1  carefully.  It  contains  the 
essential  components  of  a framework  for  understanding  and  improving 
decision  making,  problem  solving,  and  creative  thinking. 

In  Figure  8.1,  the  process  of  making  a decision  is  depicted  as  a series  of 
boxes,  each  of  which  represents  a different  component,  and  several  arrows 
that  show  the  recursive  nature  of  the  process.  These  boxes  are  set  in  a large 
oval,  which  represents  the  context  in  which  the  decision  is  being  made. 
The  first  stage  in  making  a decision  is  the  identification  or  realization  that 
a decision  is  needed.  This  is  followed  by  the  generation  of  alternatives  that 
would  satisfy  a goal  or  the  desired  outcome  that  is  implied  by  the  decision. 
Usually  each  alternative  has  pros  and  cons  associated  with  it,  or,  in  the 
language  of  decision  making,  costs  and  benefits.  The  task  for  the  decision- 
maker is  to  choose  the  "best"  alternative.  The  consideration  of  what  is 
"best"  requires  an  evaluation  phase  in  which  "best"  often  turns  out  to  be 
multidimensional.  Best  for  whom?  Best  by  what  criteria?  Best  in  the  im- 
mediate future  or  long-term? 
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Context 

- social  factors  (e.g.,  group  approval) 

- type  of  decision 

- technical/personal 

- importance 


Figure  8.1  A multiprocess  model  of  decision  making.  Each  of  the  boxes  represents  a 
stage  in  the  decision-making  process.  The  arrows  show  that  the  process  is  recursive  with 
frequent  recycling  through  the  stages  (e.g.,  generating  alternatives  may  be  followed  by 
reframing  the  decision).  The  rectangular  boundary  represents  the  effects  of  context. 


Decisions  also  involve  uncertainty  because  we  cannot  know  in  advance  the 
consequences  of  our  actions.  Much  of  the  difficulty  when  making  decisions 
lies  in  judging  which  alternative  is  most  likely  to  turn  out  best.  Decisions 
usually  are  made  with  missing  information  and  involve  guesses  and  predic- 
tions about  future  events.  Decision  making  is  also  a recursive  or  recycling 
process  because  the  nature  of  the  decision  may  change  as  more  alternatives 
are  generated  and  evaluated.  The  decision  also  requires  an  action,  although 
it  may  not  be  an  overt  movement — you  could  decide  whom  or  what  to 
believe,  or  to  do  nothing  at  all.  All  of  these  processes  occur  in  a context 
that  influences  what  happens  and  rely  heavily  on  the  information  you 
bring  with  you  to  the  decision  and  the  information  that  you  obtain  during 
the  decision-making  process.  For  example,  you  may  make  a different  deci- 
sion if  you  are  being  observed  by  your  friends  than  if  you  were  alone  (con- 
text effect),  and  an  expert  in  a field  may  reach  a different  decision  than  a 
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novice  (effect  of  prior  knowledge).  Personal  values  are  also  a strong  influ- 
ence on  the  way  the  decision  is  phrased,  the  alternatives  that  are  generated, 
and  the  way  they  are  evaluated. 

In  the  medical  scenario  at  the  beginning  of  this  chapter,  the  decision- 
maker must  take  into  account  the  likelihood  of  developing  cancer  at  some 
time  in  the  future,  the  risks  and  pain  of  surgery,  the  pros  and  cons  of  vari- 
ous treatment  regimens,  and  personal  factors  such  as  feelings  about  quality 
of  life  issues.  When  you  decide  which  stock  to  invest  in,  you  must  consider 
what  the  economy  will  be  like  in  the  years  to  come.  Similarly,  the  decision 
whether  to  have  children  requires  that  you  think  about  what  your  life  will 
be  like  with  children  who  do  not  even  exist  yet.  Most  of  life's  important 
decisions  involve  competing  goals:  multiple  players  whose  decisions  will, 
in  turn,  affect  the  choices  that  you  have;  time  constraints;  and  uncertain 
and  changing  contexts.  Not  surprisingly,  psychologists  can  offer  guidelines 
for  making  good  decisions,  but  they  do  not  have  an  exact  prescription  that 
will  work  for  all  decisions. 

Good  Decisions  and  Subjective  Utility 

After  critical  thinking  instruction,  trainees  considered  more  observa- 
tions, identified  more  cause-and-effect  relations,  provided  better  argu- 
ments, and  made  better  decisions  according  to  subject  matter  experts. 

— Anne  S.  Helsdingen,  Karel  van  den  Bosch,  Tamara  van  Gog, 
and  Jeroen  J.  G.  van  Merrienboer  (2010,  p.  537) 

Decision  making  is  an  active  process.  The  decision-maker  takes  responsibil- 
ity for  her  or  his  own  future.  After  all,  you  are  in  the  best  position  for  de- 
termining how  you  want  to  spend  your  life  and  how  you  should  make  the 
business  and  professional  decisions  that  will  ultimately  reflect  on  you. 
Good  decision-makers  are  more  likely  to  get  the  good  jobs  and  make  favor- 
able decisions  about  their  personal  lives  as  well.  Recall  from  the  first  chapter 
that  critical  thinking  was  defined  as  the  use  of  those  skills  or  strategies  that 
increases  the  probability  of  a desirable  outcome.  But,  the  quality  of  a deci- 
sion needs  to  be  judged  on  the  basis  of  what  was  known  or  should  have 
been  known  at  the  time  the  decision  was  made;  sometimes,  good  decisions 
will  have  undesirable  outcomes  and  sometimes  poor  decisions  will  have 
good  outcomes.  Although  many  famous  instances  of  good  decisions  (profit- 
able investments,  successful  army  maneuvers)  and  bad  decisions  (Water- 
gate, the  U.S.  attempt  to  rescue  American  hostages  in  Iran)  come  to  mind, 
it  is  important  to  realize  that  a decision  should  be  judged  to  be  good  or  bad 
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before  the  outcome  is  known,  not  after  the  fact.  You  could  decide  to  bet 
your  life  savings  on  a horse  race  (a  bad  decision)  and  "get  lucky."  Of  course, 
good  decisions  will  result  in  desirable  outcomes  much  more  frequently 
than  poor  decisions  will. 

Often,  we  will  never  know  if  the  best  decision  was  made.  If  you  are  a col- 
lege senior  who  must  decide  between  a lucrative  career  in  accounting  or  a 
more  personally  rewarding  career  as  a high  school  English  teacher,  you 
may  never  be  sure  if  you  picked  the  better  option  because  you  can  only 
speculate  about  the  career  you  did  not  select.  Robert  Frost,  the  famous 
American  poet,  captured  this  feeling  in  his  poem  about  a traveler  who 
comes  to  a fork  in  the  road.  The  traveler  can  never  know  about  "the  road 
not  taken." 

Good  decision-makers  will  have  more  desirable  outcomes  than  poor  deci- 
sion-makers, but  what  makes  an  outcome  desirable?  This  is  a difficult  ques- 
tion to  answer  because  people  have  different  values  and  different  goals.  In 
deciding  on  a career  path,  it  seems  obvious  that  decisions  must  reflect  the 
individual  predilections  of  each  person  making  this  decision,  just  as  we 
would  not  all  want  to  marry  the  same  person  or  live  the  same  life.  Some- 
how, we  need  to  weigh  personal  values,  probabilities  of  success,  costs,  and 
benefits  to  determine  which  choice  is  the  best  balance  of  these  and  other 
difficult-to-quantify  variables  (Baron,  1997).  The  term  subjective  utility 
refers  to  the  value  of  a particular  choice  to  an  individual.  It  is  a personal 
assessment  about  a choice  (subjective),  which  is  one  reason  why  decision 
making  will  never  be  an  exact  science  like  mathematics. 

As  1 said  previously,  before  a decision  can  be  made,  the  individual  must 
realize  that  a decision  is  needed  and  that  there  are  several  possible  alterna- 
tives. Let's  consider  an  example.  Monica  is  taking  several  demanding  col- 
lege courses.  She  needs  to  supplement  her  income  by  working  part-time 
and  has  family  obligations  as  well.  Her  free  time  is  virtually  nonexistent. 
Monica  needs  to  consider  alternatives  to  her  current  life  style.  She  must 
decide  how  to  juggle  all  of  these  commitments.  Monica  has  to  realize  that 
she  can  change  her  life.  Too  often,  this  first  step  is  missed  and  inertia  sets 
in.  Simply  stated,  the  problem  is  that  Monica  has  too  many  responsibilities 
and  this  is  making  her  feel  anxious  and  stressed.  The  best  solution  will  give 
her  more  time  for  herself  while  still  allowing  her  to  fulfill  her  responsibili- 
ties; the  way  she  decides  to  balance  these  competing  demands  will  depend 
on  her  personal  value  system  (e.g.,  importance  of  spending  time  with  her 
family  versus  the  amount  of  money  she  "needs"  to  maintain  a life  style 
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that  she  wants).  As  these  are  essentially  conflicting  goals,  the  best  decision 
will  probably  involve  a compromise  that  will  only  partially  satisfy  each 
goal.  It  is  not  likely  that  she  will  find  a course  of  action  that  will  allow  her 
to  fill  her  days  with  leisure  activities  while  maintaining  high  grades,  earn- 
ing money,  and  caring  for  her  family. 

The  objective  criterion  for  a good  decision  is  that  it  has  high  subjective 
utility  for  the  person  making  the  decision.  Some  possible  good  decisions 
for  Monica  include  finding  a higher  paying  job,  reducing  her  expenses  so 
she  would  need  to  work  fewer  hours,  beginning  a more  efficient  study  pro- 
gram, taking  a lighter  course  load,  and  visiting  her  family  less  frequently. 
You  may  be  surprised  to  find  that  with  a little  effort,  several  possibilities 
occur  to  you  that  you  might  otherwise  never  have  considered. 

Devoted  "Trekkies"  (fans  of  the  television  and  movie  series  called  Star 
Trek)  can  recall  many  stories  in  which  the  plot  involved  particularly  clever 
decision  making.  Consider,  for  example,  the  Trekkie-classic  movie.  Star 
Trek  II:  The  Wrath  of  Khan.  In  the  opening  scene,  an  attractive  pointy-eared 
Vulcan  is  facing  a serious  problem.  A sister  spaceship  has  wandered  into 
enemy  territory  and  has  sent  a distress  signal.  If  she  does  not  go  in  to  save 
them,  they  will  perish;  if  she  does,  she  risks  enemy  attack.  She  nervously 
decides  to  follow  them  into  enemy  territory  and  is  immediately  apprised 
that  her  starship  is  under  attack.  We  soon  learn  that  this  is  a computer- 
simulated  drill  designed  to  test  the  decision-making  skills  of  future 
Starfleet  commanders  and  that  only  one  person  has  made  the  correct  deci- 
sion in  this  drill.  Of  course,  it  is  Captain  James  T.  Kirk,  the  hero  of  this 
series.  The  question  of  interest  is  whether  to  attempt  to  save  the  sister  ship 
by  entering  enemy  territory  and  thus  risk  enemy  attack.  Captain  Kirk  did 
neither — he  redesigned  the  computer  problem  so  that  he  would  have  ad- 
ditional choices  with  more  favorable  outcomes.  For  him,  the  problem  was 
"how  to  change  contingencies  in  a mock  drill."  For  others,  the  problem 
had  been  "how  to  save  the  sister  starship  without  being  attacked."  Captain 
Kirk  made  a superior  decision  because  he  defined  the  problem  in  a unique 
way.  His  unusual  and  excellent  alternative  made  this  decision  very  cre- 
ative, a topic  that  is  discussed  in  a later  chapter.  Some  may  say  that  he 
cheated  or  "copped  out"  by  redesigning  the  simulation,  but  perhaps,  he 
would  use  his  ability  to  define  problems  in  a unique  way  if  he  were  out  in 
space  and  that  is  what  makes  him  an  outstanding  Starfleet  commander. 
The  point  being  made  here  is  that  often  there  are  alternative  ways  of  for- 
mulating what  the  decision  requires,  and  some  formulations  will  result  in 
more  favorable  outcomes  than  others.  Different  formulations  will  lead  to 
different  solutions. 
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Descriptive  and  Prescriptive  Processes 

Whenever  there  is  a simple  error  that  most  laymen  fall  for,  there  is 
always  a slightly  more  sophisticated  version  of  the  same  problem  that 
experts  fall  for. 

— Amos  Tversky  (quoted  in  Gardner,  1985,  p.  360) 

Researchers  who  study  decision  making  look  at  what  people  do  when  they  are 
making  a decision,  often  contrasting  what  people  actually  do  with  what  they 
should  do  in  order  to  maximize  the  probability  of  a good  decision.  This  is  the 
difference  between  a descriptive  and  a prescriptive  account  of  the  process.  Any 
program  that  is  designed  to  help  people  make  better  decisions  will  have  to  take 
into  account  what  typically  is  right  and  wrong  with  most  decisions  (Descrip- 
tive Process),  and  then  provide  a systematic  way  of  eliminating  or  reducing 
common  errors  while  increasing  those  processes  that  underlie  good  decisions 
(Prescriptive  Process).  With  so  many  processes  involved  and  so  many  decisions 
that  need  to  be  made,  it  is  easy  to  find  ways  that  decision  making  goes  wrong. 

Baron  (1990)  analyzed  all  thinking  into  "search"  and  "inference"  stages. 
The  search  occurs  when  we  have  to  generate  alternatives,  and  to  a lesser 
extent,  when  we  decide  what  constitutes  a good  decision.  The  inference 
relates  to  the  kinds  of  judgments  that  are  made  and  the  way  information 
is  used.  Thinking  goes  wrong  when  the  search  process  misses  some  good 
alternatives  or  when  the  inference  is  incorrect  (e.g.,  selecting  an  alternative 
that  really  will  not  solve  the  problem  or  will  create  other  problems). 

The  alternatives  that  people  generate  are  tied  to  the  way  memory  is  struc- 
tured and  accessed.  An  oft-repeated  theme  throughout  this  book  is  the 
pervasive  influence  of  memory  on  all  aspects  of  thinking.  The  sort  of  alter- 
natives that  are  generated  will  depend  on  what  we  can  recall  in  the  particu- 
lar situation.  Decision  making  is  also  constrained  by  the  amount  of 
cognitive  effort  that  is  invested  in  the  processes  of  generation  and  evalua- 
tion. We  do  not  want  to  spend  huge  amounts  of  time  and  energy  in  mak- 
ing most  decisions,  so  we  rely  on  shortcuts  that  are  likely  to  be  useful,  but 
sometimes  lead  to  poor  decisions.  The  idea  is  to  be  flexible  so  that  the 
cognitive  effort  is  proportional  to  the  importance  of  the  decision. 

Pitfalls  and  Pratfalls  in  Decision  Making 


Great  moments  in  history  all  turned  on  someone's  judgment  as  to  what 
should  be  done  and  someone's  decision  to  do  it. 

— Hal  R.  Arkes  and  Kenneth  Hammond  (1986,  pp.  211-212) 
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A pitfall  is  a danger  or  difficulty  that  is  not  easily  avoided.  If  you  have  ever 
spent  long  afternoons  at  the  beach,  you  have  probably  seen  bratty  kids 
creating  pitfalls.  They  dig  holes  in  the  sand  and  cover  them  with  newspa- 
per so  that  unsuspecting  sun  lovers  will  fall  into  them.  The  word  "pratfall" 
needs  no  formal  definition  for  fans  of  comedians  who  are  famous  for  their 
frequent  pratfalls.  The  American  Heritage  dictionary  defines  a pratfall  as  "a 
fall  on  the  buttocks."  Put  these  terms  together  and  you  will  realize  that  un- 
less common  pitfalls  in  decision  making  are  avoided,  the  decision-maker 
will  slip  and  fall  on  the  part  of  the  anatomy  that  is  featured  on  blue  jeans 
commercials.  Let's  examine  some  of  the  common  fallacies  or  pitfalls  in 
decision  making. 

Failure  to  Seek  Disconfirming  Evidence 

Some  of  the  worst  disasters  nations  have  known  are  traceable  to  faulty 
judgments  or  distorted  perceptions  of  their  political  leaders. 

— Arie  W.  Kruglanski  (1992,  p.  455) 

Suppose  you  have  a friend  who  is  always  working  on  crossword  puzzles, 
anagrams,  mazes,  and  other  similar  problems  from  puzzle  books.  He  cor- 
ners you  one  day  with  the  following  problem: 

1 am  going  to  give  you  a series  of  numbers.  This  series  conforms  to  a 
simple  rule.  You  have  to  figure  out  what  the  rule  is.  The  way  to  do  this  is 
by  coming  up  with  your  own  series  of  numbers.  1 will  tell  you  whether 
your  own  series  conforms  to  this  rule.  You  can  give  me  as  many  series 
of  numbers  as  necessary  to  discover  the  rule.  When  you  believe  that 
you  know  the  rule,  tell  it  to  me  and  1 will  let  you  know  if  you  are  right. 

Reluctantly  you  agree  to  participate.  You  are  given  the  following  number 
series: 

2 4 6 

Stop  right  now  and  think  how  you  would  go  about  generating  other  num- 
ber series  that  conform  to  the  same  rule  as  this  one. 

This  problem  was  actually  presented  to  many  subjects  in  an  experiment 
conducted  by  Wason  (1960,  1968).  He  found  that  most  people  had  diffi- 
culty with  this  task.  Suppose  that  you  believe  that  the  rule  is  "any  continu- 
ous series  of  even  numbers."  To  test  this  rule  most  subjects  would  try  series 
like  "14,  16,  18."  The  experimenter  would  respond  that  this  series  conforms 
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to  the  rule.  To  be  certain,  most  subjects  would  try  again  with  another  series, 
"182,  184,  186."  Again,  the  experimenter  would  respond  affirmatively. 
Confidently,  the  subject  would  announce  the  rule,  "Any  continuous  even 
series  of  numbers."  The  experimenter  then  informs  the  subject  that  this  is 
not  the  correct  rule. 

Typically,  subjects  will  try  again,  this  time  thinking  up  a new  rule  that  will 
describe  the  correct  number  series.  Suppose,  this  time  the  subject  decides  to 
try  out  the  rule  "the  middle  number  is  halfway  between  the  other  two." 
Now  the  subject  asks  about  the  series  "50,  100,  150."  The  experimenter 
answers  that  this  series  is  correct.  The  subject  tries  again  "1006,  1007,  1008" 
and  is  told  that  this  also  conforms  to  the  rule.  Even  more  confident  this 
time,  the  subject  announces  that  the  correct  rule  is  "the  middle  number  is 
halfway  between  the  other  two."  The  experimenter  tells  him  that  this  is  not 
the  correct  rule. 

Have  you  discovered  the  correct  rule  by  now?  it  is  "increasing  whole  num- 
bers." After  almost  an  hour  of  working  on  this  problem,  one  of  Wason's 
subjects  came  up  with  this  rule:  "The  rule  is  that  either  the  first  number 
equals  the  second  minus  two,  and  the  third  is  random  but  greater  than  the 
second,  or  the  third  number  equals  the  second  plus  two,  and  the  first  is 
random  but  less  than  the  second."  You  can  imagine  how  this  poor  subject 
felt  when  he  was  told  that  this  rule  was  incorrect. 

Why  is  this  problem  so  difficult?  in  all  of  the  sample  number  series  most 
of  the  ones  people  actually  try,  the  number  series  conform  to  the  rule  they 
have  in  mind.  There  is  an  infinite  number  of  possible  number  series  that 
conform  to  the  correct  rule,  "numbers  in  increasing  order  of  magnitude." 
What  subjects  should  have  done  is  try  out  series  that  would  disconfirm  the 
rule  they  were  trying  out.  For  example,  if  you  believed  that  the  correct  rule 
is  "any  continuous  series  of  even  numbers"  you  should  try  the  series 
"1,  2,  4."  if  the  experimenter  tells  you  that  you  are  correct,  then  you  know 
that  the  rule  "any  continuous  series  of  even  numbers"  must  be  wrong. 

The  tendency  to  seek  information  that  agrees  with  the  ideas  we  have  is 
called  confirmation  bias.  We  have  a bias  or  predilection  to  look  for  con- 
firming information,  it  is  among  the  most  pervasive  and  pernicious  biases 
in  decision  making.  Other  examples  of  the  confirmation  bias  or  failure  to 
seek  disconfirming  evidence  were  discussed  in  the  chapter  on  the  develop- 
ment of  reasoning  skills.  Examples  can  probably  be  found  in  every  applied 
setting.  For  example,  studies  of  military  decision  making  have  identified 
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confirmation  bias  as  a particular  problem  because  it  leads  decision-makers 
to  focus  on  a single  hypothesis  and  then  seek  only  information  that  con- 
firms that  hypothesis  (Puvathingal  & Hantula,  2012). 

What  can  we  infer  from  the  bias  to  seek  confirming  evidence?  Suppose 
someone  confronts  your  best  friend  with  "the  opportunity  of  a lifetime." 
A dynamic  saleswoman  offers  him  the  chance  to  invest  in  a new  corpora- 
tion that  will  manufacture  and  sell  computers  that  are  so  small  they  will  fit 
in  your  wallet.  It  sounds  good,  but  he  is  unsure.  Prudently,  he  decides  to 
do  some  investigating.  He  checks  out  10  computer  companies  that  are 
listed  on  the  New  York  Stock  Exchange.  He  finds  that  IBM  is  a large  profit- 
able corporation.  If  he  had  only  invested  in  IBM  when  it  was  just  being 
formed,  he  would  be  a rich  man  today.  He  can  already  imagine  himself 
lighting  cigars  with  $10  bills.  What  advice  would  you  give  your  friend? 

Hopefully,  you  would  point  out  to  him  that  he  only  looked  for  evidence 
that  supports  the  decision  to  invest  in  the  corporation  as  only  substantial 
corporations  are  listed  on  the  stock  exchange.  He  also  needs  to  seek  evi- 
dence that  would  disconfirm  this  decision.  He  should  find  out  how  many 
new  computer  corporations  with  big  dreams  have  gone  bankrupt  and  how 
many  have  not  gone  bankrupt  in  the  last  10  years.  He  also  should  attempt 
to  estimate  the  future  market  for  wallet-sized  computers. 

The  confirmation  bias  is  a pitfall  in  decision  making.  A large-scale  study  of 
NASA  scientists  showed  a strong  confirmation  bias  (Mynatt,  Doherty,  & 
Tweney,  1978).  (And  yes,  these  are  rocket  scientists!)  We  all  need  to  be 
trained  to  seek  and  examine  data  that  are  inconsistent  with  the  ideas  we 
are  considering.  There  is  good  evidence  that  when  people  are  required  to 
consider  counterevidence,  they  make  better  decisions  (Koriat,  Lichten- 
stein, & Fischhoff,  1980).  In  general,  people  spend  resources  (time,  effort, 
money)  looking  for  the  wrong  sort  of  information  to  inform  their  decisions — 
we  need  to  deliberately  seek  information  that  would  run  counter  to  a pre- 
ferred choice. 

Can  people  learn  to  avoid,  or  at  least  reduce,  the  strong  bias  for  informa- 
tion that  supports  a favored  view?  Lilienfeld,  Ammirati,  and  Landfield 
(2009)  believe  that  this  is  the  most  important  question  we  can  pose  about 
decision  making,  and  that  if  we  can  correct  this  cognitive  error,  human 
welfare  will  be  enhanced.  The  research  literature  on  this  question  is  surpris- 
ingly scant,  but  Lilienfeld  et  al.,  (2009,  p.  395)  conclude  that  they  are 
among  the  meliroists,  "namely  those  who  believe  that  human  thinking 
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often  departs  from  rational  standards  and  that  such  departures  may  be 
rectifiable  by  intervention  efforts."  Every  time  you  recognize  your  own 
tendency  toward  confirmation  bias  and  take  deliberate  steps  to  consider 
evidence  that  does  not  support  your  preferred  conclusion,  you  are  proving 
them  right. 

Overconfidence 

Overconfidence  is  a decision-making  pitfall  that  is  related  to  the  bias  to 
seek  confirming  evidence.  In  general,  most  people  do  not  see  the  need  to 
improve  the  way  they  make  decisions  because  they  believe  that  they  are 
already  making  excellent  decisions.  The  unwarranted  belief  that  we  are 
usually  correct  is  a major,  real-life  barrier  to  critical  thinking.  The  tendency 
to  be  overconfident  about  the  quality  of  our  thinking  is  a theme  that  runs 
through  several  chapters  in  this  book.  Most  people  believe  that  they  think 
well — it  is  other  people  whose  thinking  needs  improvement.  After  all,  if 
most  people  are  very  confident  that  they  are  making  the  correct  decision, 
why  should  they  exert  the  time  and  effort  to  learn  and  apply  the  skills  of 
critical  thinking? 

Do  you  think  that  groups  make  better  decisions  than  individuals  do  when 
they  are  working  alone?  In  other  words,  are  two  (or  more)  heads  better 
than  one?  Most  people  reason  that  when  several  people  come  together  to 
make  a decision,  it  will  be  better  than  any  of  the  participants  alone  because 
collectively  there  is  more  knowledge  in  a group.  Virtually  all  public  policies 
and  legal  and  corporate  decisions  are  made  by  groups.  But,  it  seems  that  a 
big  disadvantage  of  groups  is  that  the  participants  in  groups  are  overconfi- 
dent in  their  collective  decisions  and  thus  disregard  information  that 
might  cause  them  to  alter  their  decision  (Minson  & Mueller,  2012).  Re- 
searchers found  that  dyads  (groups  of  two  people)  tend  to  make  decisions 
that  are  as  good  as  larger  groups,  and  obviously,  there  are  lower  costs  as- 
sociated with  smaller  groups.  Most  importantly,  groups  need  to  be  made 
aware  of  their  tendency  toward  overconfidence  and  learn  to  be  open  to 
additional  information  that  might  alter  their  decision. 

Irving  Janis  (1972)  did  classic  work  on  the  overconfidence  of  groups.  His 
analysis  (some  of  which  is  presented  later  in  this  chapter)  was  based  on 
numerous  real-life  examples  and  the  concept  of  group  think  has  been 
applied  to  decisions  about  the  Bay  of  Pigs,  Watergate,  Pearl  Harbor,  the 
launch  of  the  Challenger,  and  more  recently,  the  belief  by  many  people  in 
the  United  States  that  Iraq  had  weapons  of  mass  destruction.  Group  think 
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refers  to  the  "illusion  of  invulnerability,  myopia,  biased  selective  attention, 
and  overconfidence"  (Hastie,  2006).  Group  think  results  when  groups  do 
not  welcome  dissent  and  pressure  its  members  to  make  unanimous 
decisions. 

Availability  Heuristic 

A heuristic  is  any  "rule  of  thumb"  that  we  use  to  make  decisions  and  solve 
problems,  it  does  not  always  give  us  the  right  answer,  but  it  is  a helpful  aid. 
(Definitions  of  these  terms  sometimes  differ  in  mathematics.)  Psychologists 
usually  distinguish  between  heuristics  and  algorithms.  An  algorithm  is  a 
procedure  that  will  always  yield  the  correct  answer  if  you  follow  it  exactly. 
Let's  try  a simple  example  from  mathematics  to  clarify  these  terms.  Re- 
member the  procedures  you  learned  in  solving  long  division  problems. 
Given  a problem  like  176]7019,  you  were  first  told  to  estimate  about  how 
often  176  would  "go  into"  7019,  as  it  is  unlikely  that  you  ever  learned  the 
176  tables.  You  might  estimate  it  to  be  about  4 times.  The  problem  thus  far 
would  look  like  this: 

4 

176)7019 


You  would  check  out  this  estimate  with  the  appropriate  multiplication. 
4 

176)7019 

704 


Oops,  too  large! 

You  would  soon  realize  that  4 was  too  large  and  would  probably  try  3.  This 
procedure  is  a heuristic,  it  is  a guide  or  aid  to  help  you  find  the  correct 
answer,  but  it  does  not  always  work  perfectly  as  seen  in  the  above  example. 
On  the  other  hand,  an  algorithm  always  leads  to  the  correct  answer,  if  you 
want  to  find  the  area  of  a rectangle  that  is  3 feet  long  and  2 feet  wide,  you 
will  always  get  the  correct  answer  if  you  use  the  formula:  length  x width, 
or  in  this  case,  3 feet  x 2 feet  = 6 square  feet.  The  use  of  an  appropriate  al- 
gorithm is  an  example  of  cognitive  economy,  a topic  that  was  introduced 
earlier  in  this  book.  We  do  not  need  to  use  mental  effort  and  "reinvent" 
ways  to  find  the  area  of  a rectangle  when  there  is  a ready-to-use  algorithm 
that  we  can  call  upon  for  the  correct  answer. 
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Availability  is  a commonly  used  heuristic.  It  is  the  belief  that  informa- 
tion that  is  easily  available  in  memory  occurs  more  frequently  than  infor- 
mation that  is  more  difficult  to  recall.  The  term  availability  heuristic  was 
coined  by  two  prominent  psychologists,  Daniel  Kahneman  and  Amos 
Tversky  (1973;  Tversky  & Kahneman,  1974),  who  conducted  numerous 
experiments  on  decision  making  and,  in  the  process,  provided  a catalog  of 
thinking  errors.  In  order  to  understand  the  availability  heuristic,  consider 
the  following  questions: 

1.  Are  there  more  words  in  the  English  language  that  begin  with  the 
letter  "r"  or  have  the  "r"  in  the  third  position? 

2.  Would  you  expect  the  2010  census  to  show  that  there  are  more  li- 
brarians or  farmers  in  the  United  States? 

3.  Are  there  more  deaths  due  to  homicide  or  due  to  diabetes-related 
diseases? 

If  you  answer  the  first  question  like  most  people,  you  believe  that  there 
are  more  words  that  start  with  the  letter  "r"  than  there  are  words  with  "r" 
in  the  third  position.  In  answering  this  question  most  people  find  that 
they  can  think  of  more  words  that  start  with  "r"  (rice,  root,  room,  roam, 
religion,  rhinoceros,  rye)  than  have  “r”  in  the  third  position  (bird,  torrid, 
horror,  hero).  In  the  jargon  of  psychology,  words  starting  with  the  letter 
"r"  are  more  available  (in  memory)  than  words  with  "r"  in  the  third  posi- 
tion. That  is,  they  come  to  mind  more  easily.  If  you  answered  "words  that 
start  with  'r,'"  you  were  wrong.  According  to  Berger  (1995),  the  English 
language  contains  many  more  words  with  "r"  in  the  third  position  than 
in  the  first  position.  It  is  just  more  difficult  to  think  of  them  because  it  is 
easier  to  retrieve  words  from  memory  by  the  first  letter  than  by  the  third. 
Earlier  in  this  chapter  I talked  about  the  pervasive  influence  of  memory 
in  every  aspect  of  critical  thinking.  This  is  another  example  of  the  way  in 
which  the  kinds  of  memories  we  retrieve  can  determine  how  decisions 
are  made. 

If  you  have  already  read  the  chapter  on  likelihood  and  uncertainty,  then 
you  already  know  that  there  has  been  a backlash  against  the  idea  that  hu- 
mans are  poor  thinkers.  In  recent  years,  there  has  been  more  emphasis  on 
accuracy  in  everyday  thinking  than  in  errors  in  thinking.  Gigerenzer  and 
his  colleagues  (e.g.,  Gigerenzer  & Goldstein,  2011)  examined  several  think- 
ing biases  to  show  that  under  some  conditions,  thinking  with  heuristics  is 
fairly  accurate.  For  example,  in  a study  where  students  in  Turkey  and 
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England  were  asked  to  forecast  the  results  of  English  soccer  matches,  the 
students  from  Turkey,  who  knew  very  little  about  soccer  in  England,  were 
as  accurate  as  their  English  counterparts  (Ayton,  Onkal,  & Reynolds,  2011). 
It  seems  that  the  Turkish  students  used  the  recognition  heuristic — 
if  they  recognized  the  name  of  a team  or  the  city  it  represented,  they  esti- 
mated that  team  would  win  more  often  than  a team  they  never  heard  of 
or  came  from  a town  they  never  heard  of.  This  heuristic  worked  well.  The 
conclusion  from  this  line  of  research  is  that  accuracy  in  decision  making 
depends  on  the  way  questions  are  asked,  what  is  being  compared,  and  a 
host  of  other  variables.  The  goal  of  this  book  is  to  improve  thinking, 
not  to  argue  how  good  most  of  us  are  as  thinkers — we  can  all  always 
improve. 

Your  answer  to  the  second  question  probably  depends  on  whether  you  live 
in  an  urban  or  rural  area.  Most  city  dwellers  believe  that  there  are  more 
librarians  than  farmers  in  the  United  States.  After  all,  few  city  dwellers  have 
ever  met  a farmer  while  they  probably  know,  or  at  least  know  of,  several 
librarians.  Actually,  there  are  many  more  farmers  in  the  United  States  than 
there  are  librarians,  a fact  that  was  more  likely  to  be  answered  correctly  by 
readers  from  rural  farm  regions.  This  is  another  example  of  how  the  use  of 
the  availability  heuristic  can  lead  to  the  wrong  decision. 

Most  residents  of  large  cities  probably  believe  incorrectly  that  there  are 
more  deaths  due  to  homicide  than  to  diabetes.  The  reason  for  this  is  not 
difficult  to  understand.  Pick  up  any  newspaper  or  watch  television  news  on 
any  day  and  there  is  likely  to  be  a report  of  one  or  more  homicides.  Al- 
though you  may  know  only  a few  people  who  have  diabetes  and  may  not 
know  personally  anyone  who  has  been  murdered,  you  have  heard  or  read 
about  many  homicide  victims,  so  there  seems  to  be  more  of  them.  A study 
of  people  who  watch  many  violent  television  shows  found  that  these  peo- 
ple believe  that  they  are  more  likely  to  be  a victim  of  a violent  crime  than 
those  who  do  not  watch  these  shows  (Gerbner,  Grass,  Morgan,  & Signorielli, 
1980).  Presumably  they  maintain  this  belief  because  examples  of  violent 
crimes  are  more  readily  available  in  their  memory.  This  finding  has  impor- 
tant implications  because  it  would  be  expected  to  affect  how  frequent  view- 
ers of  televised  violence  vote  on  crime-related  propositions  and  how  they 
make  decisions  like  buying  a home  burglary  alarm,  keeping  a gun  in  the 
house,  or  going  out  at  night. 

The  availability  heuristic  can  be  found  in  many  applied  settings,  its  influ- 
ence can  best  be  understood  with  an  example: 
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In  a medical  text  written  by  Gifford-Jones  (1977),  the  author  discussed  the 
difficult  medical  decision  concerning  whether  women  in  their  late  thirties 
or  early  forties  should  have  their  ovaries  removed  when  they  are  having  a 
hysterectomy.  Like  all  difficult  decisions,  there  are  costs  and  benefits  asso- 
ciated with  each  alternative.  In  discussing  how  this  decision  is  often  made, 
Gifford-Jones  (1977,  pp.  174-175)  wrote: 

I recall  operating  some  time  ago  with  a former  professor  of  gynecology 
at  Harvard.  He  was  in  a rather  philosophical  mood  and  was  pondering 
the  pros  and  cons  of  what  to  do  with  the  ovaries.  “Sometimes  whether 
or  not  I remove  the  ovaries  depends  on  what  has  happened  to  me  in  the 
last  few  weeks,"  he  said.  "If  I've  watched  a patient  die  from  cancer  of 
the  ovary,  I often  remove  them.  But  if  I've  been  free  of  this  experience 
for  a while.  I'm  more  inclined  to  leave  them  in." 

Availability  has  been  carefully  studied  in  the  laboratory  by  research  psy- 
chologists because  it  plays  a role  in  the  way  decisions  are  made  in  a wide 
range  of  settings.  Consider  how  students  rate  the  quality  of  a particular 
course  or  instructor.  In  one  study,  students  were  asked  to  list  either  two  ways 
in  which  a course  could  be  improved  (an  easy  task)  or  10  ways  (a  difficult 
task;  Fox,  2006).  Because  most  students  could  not  think  of  10  ways  to  im- 
prove a course,  which  they  assumed  to  be  the  norm,  they  decided  that  they 
liked  the  course  much  more  than  those  students  who  were  told  to  list  2 ways 
the  course  could  be  improved.  The  ease  with  which  we  can  retrieve  informa- 
tion from  memory  plays  an  important  role  in  the  decisions  we  make. 

The  availability  heuristic  was  used  during  an  election  in  2010  in  California, 
in  which  Gariy  Fiorina  (a  business  executive)  was  challenging  the  long- 
time incumbent  Senator  Barbara  Boxer.  In  her  campaign  advertisements, 
Fiorina  asked  voters  what  Boxer  had  done  for  them.  In  fact,  few  people  are 
able  to  name  any  action  that  their  Senator  has  taken,  so  when  asked  this 
question,  most  people  could  not  recall  anything  and  concluded  that  Boxer 
had  not  done  much  during  her  multiple  Congressional  terms.  But,  politics 
are  messy,  and  Boxer  ended  up  winning,  most  probably  because  of  various 
alleged  scandals  pertaining  to  Fiorina. 

Representativeness  Heuristic 

Suppose  that  a young  man  in  a pinstriped  suit,  black  shirt,  and  white  tie 
comes  up  to  you  and  asks  if  you  would  like  to  make  some  money  by  betting 
on  whether  a coin  lands  on  "heads"  or  "tails."  You  look  at  him  dubiously. 


414  Decision  Making 


He  explains  that  it  is  really  quite  simple.  He  will  flip  one  coin  six  times.  All 
you  have  to  do  is  bet  on  the  pattern  of  heads  and  tails  that  will  result  from 
six  tosses  of  a coin.  Although  there  are  many  sequences  possible,  you  de- 
cide to  concentrate  on  three  of  them.  Using  the  letter  "H"  to  represent 
heads  and  "T"  to  represent  tails,  on  which  of  the  following  three  outcomes 
would  you  bet? 

H-T-H-T-T-H 

H-H-H-T-T-T 

H-T-H-T-H-T 

if  you  responded  like  most  other  people,  then  you  selected  the  first  series 
of  heads  and  tails,  probably  because  it  seemed  more  similar  to  a random  or 
chance  pattern  of  heads  and  tails,  in  fact,  all  three  series  are  equally  likely. 
Any  series  of  heads  and  tails  taken  six  at  a time  is  as  likely  to  occur  as  any 
other.  The  above  example  demonstrates  the  belief  that  an  outcome  of  a 
random  process  should  look  like  or  be  representative  of  randomness.  Be- 
cause our  common  sense  notion  of  randomness  is  that  of  a process  without 
a pattern,  we  tend  to  think  that  H-T-H-T-H-T  is  not  as  likely  to  occur  from 
six  tosses  of  a coin  as  a more  random-looking  series.  This,  however,  is  not 
true.  (What  some  people  find  even  more  surprising  is  that  H-H-H-H-H-H  is 
as  likely  to  occur  as  H-T-H-T-H-T.) 

Of  course,  you  are  more  likely  to  get  approximately  equal  numbers  of  heads 
and  tails  after  many  coin  flips  than  you  are  to  get  mostly  or  all  heads  or 
mostly  or  all  tails  because  there  are  more  possible  patterns  that  yield  these 
outcomes.  For  example,  there  is  only  one  pattern  of  outcomes  that  will  cor- 
respond to  6 heads  (H-H-H-H-H-H),  while  there  are  many  ways  to  get  3 
heads  and  3 tails  in  6 flips  of  a coin  (e.g.,  H-H-H-T-T-T;  H-T-H-T-H-T;  T-T-T- 
H-H-H;  H-T-H-T-H-T;  etc.).  Each  series  or  pattern  of  heads  and  tails  is 
equally  likely.  This  concept  is  also  discussed  in  Chapter  7. 

To  clarify  the  representativeness  heuristic,  which  is  the  belief  that 
any  member  of  a category  should  "look  like"  or  have  the  traits  associ- 
ated with  its  category,  let's  try  another  example.  Suppose  you  get  a letter 
from  an  old  friend  from  whom  you  have  not  heard  in  many  years.  He 
tells  you  that  he  is  the  proud  father  of  six  children — three  girls  and 
three  boys.  After  trying  to  consider  what  life  is  like  with  six  children, 
you  then  wonder  about  their  birth  order.  Which  of  the  following  orders 
do  you  think  is  more  likely  (with  "G"  standing  for  girls  and  "B"  stand- 
ing for  boy)? 
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B-B-B-G-G-G 

or 

B-G-G-B-G-B 

If  you  have  followed  the  discussion  so  far,  you  will  realize  that  although 
the  second  series  appears  to  be  more  representative  of  a random  process, 
they  are,  in  fact,  equally  likely. 

Wishful  Thinking  (Pollyanna  Principle) 

People  are  excessively  optimistic  about  marriage,  work,  sports,  health, 
and  life  expectancy. 

— Cade  Massey,  Joseph  P.  Simmons,  and 
David  A.  Armor  (2011,  p.  274). 

Quite  often,  people  will  overestimate  their  chances  for  success  or  the  likeli- 
hood of  a desired  outcome.  Halpern  and  Irwin  (1973)  found  that  when  par- 
ticipants in  an  experiment  wanted  an  event  to  occur  (they  would  win  money), 
they  believed  that  it  was  more  likely  to  occur  than  when  its  occurrence  would 
have  been  unfavorable  (they  would  lose  money).  It  seems  that  humans  are  an 
optimistic  species.  The  tendency  to  believe  that  pleasant  events  are  more 
likely  than  unpleasant  ones  is  a manifestation  of  wishful  thinking,  the 
idea  that  if  we  want  something  to  happen  it  will.  This  has  also  been  called  the 
Pollyanna  Principle  in  honor  of  the  protagonist  of  a 1913  novel  who  always 
found  something  to  be  happy  about,  no  matter  how  bleak  the  situation. 

Optimism  is  a potent  human  trait  that  often  directs  how  we  think  and  act. 
Seligman  (1991)  identified  optimism  as  a critical  element  in  political  elec- 
tions. It  seems  that  candidates  who  are  optimistic  about  the  future  are 
more  likely  to  garner  winning  votes  than  those  who  are  pessimistic.  He 
found  that  in  9 out  of  10  presidential  elections  in  the  United  States,  the 
candidate  who  gave  the  more  optimistic  speeches  won  the  election.  Opti- 
mism may  be  a wonderful  human  trait,  but  not  when  it  distorts  the  deci- 
sion-making process.  Good  decisions  rely  on  realistic  assessment  of 
likelihood,  not  optimistic  ones.  Failure  to  consider  seriously  unpleasant 
outcomes  can  lead  to  disastrous  consequences. 

Entrapment 

Suppose  you  were  offered  the  opportunity  to  bid  on  a $ 1 bill.  You  and  some 
friends  can  make  bids,  and  the  highest  bidder  will  pay  the  amount  bid  and 
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get  $ 1 in  return.  The  only  hitch  is  that  both  the  highest  bidder  and  second 
highest  bidder  must  pay  the  amount  they  bid,  but  only  the  highest  bidder 
will  receive  the  dollar  in  return.  Suppose  that  you  agree  to  play  and  that  you 
continue  to  raise  your  bid  until  you  have  offered  80  cents.  Now  a friend  bids 
$1.  What  do  you  do?  You  will  probably  decide  to  bid  $1.05  for  the  $1  because 
you  will  certainly  lose  $.80  unless  you  continue  to  increase  your  bid.  Shubik 
(1971)  has  found  that  people  will  continue  to  bid  amounts  over  $1  to  win 
the  dollar  bill  in  an  attempt  to  keep  their  losses  at  a minimum  in  this  game. 

What  has  happened  in  this  game  is  entrapment,  a situation  in  which  an 
individual  has  already  invested  money,  time,  or  effort  and  decides  to  con- 
tinue in  this  situation  because  of  the  initial  investment.  Entrapment  is  also 
called  sunk  costs  because  of  the  importance  that  we  attach  to  the  costs 
we  have  already  "sunk"  into  a course  of  action.  People  commonly  fall  prey 
to  sunk  costs.  Consider  Fred's  decision  about  his  automobile.  He  has  al- 
ready replaced  the  muffler,  brakes,  and  ignition  system  when  he  finds  out 
that  his  car  needs  a new  transmission.  Because  he  has  already  invested  so 
much  money  into  his  car,  he  feels  "trapped"  into  replacing  the  transmis- 
sion instead  of  buying  a new  car.  Or  consider  another  common  example. 
Everyone  has  had  the  frustrating  experience  of  calling  on  the  phone  for 
some  information  and  being  put  on  "hold."  After  listening  to  the  irritating 
strains  of  "elevator  music"  for  several  minutes,  you  need  to  decide  whether 
to  hang  up  or  continue  waiting.  Many  people  continue  to  wait  because  of 
the  time  they  have  already  invested.  Astute  readers  are  probably  wondering 
if  entrapment  also  works  in  relationships.  The  answer  is  "yes."  Can  you 
think  of  a time  when  you  or  a friend  decided  to  stay  in  a relationship  be- 
cause of  the  time  already  invested  in  that  relationship? 

Making  decisions  in  light  of  previous  investments  requires  that  the  indi- 
vidual consider  why  the  investment  has  been  so  high  either  in  terms  of 
money  or  time,  and  whether,  at  this  point  in  time,  the  car  is  worth  the 
additional  sum  of  money  or  the  phone  call  is  worth  an  additional  10 
minutes  on  "hold."  Examples  of  entrapment  are  commonly  found  in  gov- 
ernment budget  hearings  (Fischer  & Johnson,  1986).  One  argument  in 
favor  of  continuing  to  support  the  development  of  the  MX  missile  is  that 
the  millions  of  dollars  that  have  already  been  spent  on  it  would  be  lost  if 
we  decided  to  discontinue  the  project.  Sometimes,  politicians  and  others 
will  try  to  minimize  the  appearance  that  they  have  wasted  money  by  con- 
tinuing to  fund  projects  that  should  be  discontinued  (Arkes,  1996).  If 
more  people  were  vigilant  for  sunk  costs,  we  would  save  money  and  other 
valuable  resources  that  could  be  put  to  better  uses.  In  a study  of  how 
people  respond  in  sunk-costs  situations,  researchers  asked  subjects 
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open-ended  questions  about  common  decisions  (Larrick,  Morgan,  & Nis- 
bett,  1990).  Consider  this  one: 


You  and  a friend  just  spent  $7  each  to  see  a movie.  About  a half  hour 
into  the  movie,  you  both  realize  that  it  is  "two  thumbs  down" — a really 
bad  movie.  What  do  you  do?  List  some  good  reasons  for  staying  until 
the  end  of  the  movie,  then  list  some  good  reasons  for  leaving  after  a 
half  hour. 


Stop  now  and  try  this  demonstration. 


Look  over  your  reasons.  Of  course,  you  just  read  about  entrapment,  so  you 
are  not  a naive  subject,  but  review  the  answers  that  you  gave  anyway.  If 
you  listed  the  fact  that  you  spent  $ 7 as  a good  reason  for  staying,  you  are 
demonstrating  the  fallacy  of  entrapment.  If  you  listed  as  a good  reason  for 
leaving  the  fact  that  the  movie  is  a waste  of  time,  then  you  receive  partial 
credit  for  recognizing  the  cost  of  staying.  If  you  also  listed  the  fact  that  you 
could  be  doing  something  better  with  your  time,  then  you  would  get  credit 
for  recognizing  that  by  staying  you  would  also  be  losing  out  on  doing  some 
better  activity.  Let's  go  over  the  reasoning  again  because  1 have  found  that 
many  students  have  difficulty  with  this  concept: 

You  already  spent  the  $7  for  the  movie.  No  matter  what  you  decide  to  do  at 
this  point  in  time,  the  money  is  gone,  and  you  are  down  by  $7,  so  it  should 
not  be  relevant  to  your  decision.  You  lost  $7,  no  matter  what  you  decide  to  do. 
At  a half-hour  into  the  movie,  you  have  a decision  to  make.  If  you  stay,  you 
will  not  only  have  to  endure  a bad  movie,  but  you  will  also  miss  out  on  a more 
pleasurable  activity  that  you  could  be  doing.  Thus,  there  is  a dual  cost  to  stay- 
ing— seeing  a bad  movie  and  missing  out  on  some  better  activity.  Try  out  this 
example  with  some  friends  or  family.  Explain  the  fallacy  of  sunk  costs  to  them. 

Psychological  Reactance 

Our  emotional  states  have  a major  impact  on  the  kinds  of  decisions  that  we 
make  (Puvathingal  & Hantula,  2012).  We  select  alternatives  that  seem 
"best"  to  us,  and  our  determination  of  what  is  best  is  not  always  based  on 
sound  rational  criteria.  One  example  of  the  effect  of  emotional  states  on  the 
kinds  of  decisions  people  make  has  been  labeled  psychological  reac- 
tance, which  is  resistance  arising  from  restrictions  of  freedom.  Consider 
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Non  Sequitur  by  Wiley  Miller.  Used  with  permission  by  Universal  Press  Syndicate. 


this  example:  It  has  been  a bitterly  cold  winter  and  you  can  hardly  wait  for 
a much  deserved  spring  break.  One  of  your  close  friends  is  planning  on 
basking  in  the  Fort  Lauderdale  sun.  Another  friend  cannot  wait  to  hit  the 
slopes  in  Vail.  Both  friends  have  asked  you  to  join  them  in  their  spring 
break  revelry.  As  you  consider  the  options,  you  begin  to  favor  the  bikini- 
clad  vacation  when  your  Florida-bound  friend  tells  you  that  you  must  go  to 
Florida  with  him.  How  does  this  loss  of  freedom  affect  your  decision? 

Logically,  it  would  seem  that  being  told  that  you  must  do  what  you  want  to 
do  would  have  no  effect  on  your  decision,  but  many  people  do  not  react  this 
way.  Some  people  would  react  to  this  loss  of  freedom  by  deciding  to  go  ski- 
ing instead.  Whether  you  are  dealing  with  your  parents,  an  employer,  or  a 
foreign  government,  psychological  reactance  can  interfere  with  the  decision- 
making process  by  causing  you  to  select  a less  desirable  alternative. 

Liking 

It  should  seem  obvious  that  people  select  alternatives  that  have  been  evalu- 
ated positively  along  some  dimension.  This  point  will  be  made  more  explic- 
itly later  in  this  chapter;  however,  it  is  important  to  consider  here  some  of 
the  factors  that  influence  positive  evaluations  of  an  alternative  when  making 
a decision.  In  other  words,  what  are  some  factors  that  determine  liking? 

Reciprocity 

When  assessing  the  costs  and  benefits  of  various  alternatives,  our  subjec- 
tive feelings  about  the  alternatives  play  a large  role  in  decision  making. 
Simply  put,  we  choose  people  and  actions  that  we  like.  Reciprocity  is  one 
determinant  of  what  and  whom  we  like.  We  tend  to  like  people  who  like 
us.  In  Cialdini's  (1993)  delightful  book  about  myriad  influences  that  affect 
our  thoughts  and  actions,  he  tells  about  the  “World's  Greatest  Car  Sales- 
man." The  super  salesman  seems  to  differ  from  other  more  mundane 
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sellers  in  several  ways,  but  the  most  interesting  is  his  strange  habit  of  cor- 
respondence. Super  salesman  sends  a card  to  each  of  his  more  than  13,000 
former  customers  each  month.  Can  you  guess  the  message  on  this  card? 
No,  it  is  not  a list  of  maintenance  tips  or  repair  coupons,  in  fact,  every  card 
every  month  contains  the  same  message:  “i  like  you."  Twelve  times  a year, 
every  former  customer  receives  the  same  obviously  impersonal  message,  it 
seems  to  work.  When  the  time  comes  to  decide  where  to  purchase  another 
car,  these  former  customers  are  reminded  of  their  "friend"  who  likes  them. 
Reciprocity  of  liking  apparently  has  a powerful  effect  on  decision  making 
in  this  context.  Apparently  this  story  has  "gotten  out"  among  car  sales- 
people. When  1 was  buying  a new  car,  the  salesman  gave  me  a CD  of  his 
favorite  music.  The  unspoken  message  was  that  1 "owed"  him  for  this  gift 
and  the  only  way  to  repay  him  was  to  buy  the  car  he  showed  me. 

The  psychological  literature  is  full  of  other  examples  of  the  influence  of 
reciprocity  on  decisions.  For  example,  you  are  much  more  likely  to  buy  a 
product  if  1 give  you  a free  sample  than  if  1 do  not.  The  next  time  you  are 
in  the  supermarket  when  samples  are  being  given  away,  watch  how  people 
respond  to  the  covert  pressure  to  buy  the  product  they  have  just  tasted.  You 
will  find  that  a surprisingly  high  number  will  buy  the  product.  People  seem 
to  feel  that  they  owe  something  in  exchange  for  the  "free"  sample.  Political 
favors  are  blatant  examples  of  reciprocity-induced  liking  as  are  charitable 
requests  that  are  accompanied  by  "gifts"  like  address  labels,  key  rings,  and 
stamped  return  envelopes. 

Mere  Exposure  Effect 

Suppose  that  you  walked  into  a voting  booth  on  a primary  election  day 
and  were  faced  with  the  following  choice: 


County  Solicitor  ( Choose  One) 
Myron  jones 
john  Adams 
Victor  Light 


Unfortunately,  you  have  not  kept  up  with  local  politics,  and  are  unfamiliar 
with  the  record  of  any  of  these  candidates.  Which  candidate  would  you 
vote  for?  Studies  indicate  that  you  probably  chose  John  Adams. 
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In  an  election  in  New  Hampshire  about  20  years  ago,  John  Adams,  an  un- 
employed cab  driver  who  did  not  campaign,  won  the  Republican  nomina- 
tion for  the  State's  First  Congressional  District.  Why  did  John  Adams, 
a man  who  spent  no  money  on  his  campaign  and  who  never  gave  a speech, 
win  his  party's  nomination?  Psychologists  believe  that  when  voters  were 
confronted  with  three  names  they  did  not  recognize,  they  picked  the  one 
linked  in  history  with  a political  figure.  Hence,  prior  exposure  creates  a 
sense  of  familiarity,  which  in  turn  can  enhance  your  liking  for  the  stimu- 
lus, a phenomenon  known  as  the  mere  exposure  effect. 

Political  commercials  often  operate  on  this  principle.  They  repeatedly  hark, 
"Vote  for  Brandon  Lee,  He's  the  One!"  Such  commercials  give  absolutely  no 
information  about  the  candidate.  They  rely  on  the  well-documented  effect 
that  familiarity  will  enhance  liking.  Based  on  this  principle,  repetition  was 
commonly  used  in  Nazi  Germany  and  North  Korean  prison  camps  during 
World  War  II  in  an  attempt  to  make  their  political  ideologies  more  palat- 
able to  the  prisoners. 

What  should  you  do  if  you  face  unknown  candidates'  names  in  a voting 
booth?  If  you  cannot  vote  intelligently  for  an  office,  skip  that  section  and 
vote  for  the  offices  with  which  you  are  familiar.  Intelligent  voters  ask  them- 
selves, "What  do  I know  about  these  candidates?"  and  do  not  fall  prey  to  a 
familiar  sounding  name. 

Emotional  States 

Like  many  cognitive  psychologists,  I often  forget  the  critical  role  that  emo- 
tions play  in  the  thinking  process.  (Astute  readers  will  probably  recognize 
this  as  due  to  the  availability  heuristic.)  Intuitively,  we  all  know  that  emo- 
tions are  important.  For  example,  would  you  ask  your  boss  for  a raise  if  you 
knew  that  she  just  had  a fight  with  her  husband?  Of  course,  your  boss's 
relationship  with  her  husband  should  be  irrelevant  to  whether  you  get  a 
raise,  but  a bad  mood  tends  to  spill  over  and  affect  unrelated  decisions.  So 
does  a good  mood.  In  an  investigation  of  the  way  mood  influences  the  way 
decisions  are  made.  Bower  et  al.  (1994)  found  that  interviewees  for  a job 
were  rated  higher  when  the  interviewers  were  given  good  news  prior  to  the 
interview  than  when  they  were  given  bad  news. 

Do  you  want  to  know  if  you  are  at  risk  for  a serious  disease,  such  as  Parkinson's 
or  cancer?  In  a recent  study  (Howell  & Sheppard,  cited  in  Wargo,  2012), 
participants  underwent  a simulated  annual  physical  examination.  Half  of 
the  participants  first  wrote  about  a time  when  they  exhibited  positive  traits 
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and  thus  felt  good  about  themselves;  the  other  half  did  not  receive  the 
"positive  affirmations."  Participants  who  felt  positive  about  themselves 
were  more  likely  to  opt  for  screening  for  a (hypothetical)  serious  illness. 
This  is  only  one  example  of  many  of  the  benefits  of  positive  affirmations, 
which  have  been  found  to  improve  achievement  in  school  (Cohen,  Garcia, 
Apfel,  & Master,  2006)  and  to  make  people  more  open  to  political  informa- 
tion that  they  originally  opposed  (Binning,  Cohen,  & Heitland,  2010). 

it  is  easier  to  recognize  the  effect  of  emotions  on  the  way  we  think  than  it 
is  to  correct  for  it.  It  is  important  that  we  all  consider  how  our  own  moods 
may  be  affecting  the  quality  of  the  decisions  that  we  make,  and  we  may 
also  try  to  influence  the  mood  of  others  who  will  be  making  decisions  that 
affect  us. 


Unconscious  Influences 

Legally  irrelevant  situational  determinants — in  this  case  merely  taking 
a food  break — may  lead  a judge  to  rule  differently  in  cases  with  similar 
legal  characteristics. 

— Shai  Danziger,  Jonathan  Levav, 
and  Liora  Avnim-Pesso  (2011,  p.  6,892) 

Judges  are  one  group  of  people  we  count  on  for  fair  and  reasoned  decisions. 
We  expect  that  legal  decisions  are  based  on  facts,  the  laws,  and  reasoned 
judgment.  But,  like  everyone  else,  judges  are  influenced  by  a host  of  vari- 
ables about  which  they  have  no  conscious  knowledge.  1 am  not  referring 
to  usual  types  of  prejudices  such  as  negative  feelings  toward  the  homeless 
or  people  with  prior  criminal  records.  Judges  already  know  about  prejudice, 
but  like  everyone  else,  it  is  easier  to  know  about  the  negative  effects  of 
stereotypes  than  it  is  to  fight  against  them.  But,  what  about  other  types  of 
influences?  What  about  the  effects  of  being  tired  and  hungry?  In  a fascinat- 
ing study,  researchers  found  that  approximately  65%  of  rulings  are  favor- 
able to  defendants  at  the  start  of  a court  session,  but  this  percentage  drops 
to  close  to  0%  within  a court  session,  then  returns  to  65%  after  a break  that 
usually  included  a late  morning  snack  or  lunch  (Danziger,  Levav,  & Avnim- 
Pesso,  2011).  The  researchers  noted  that  they  cannot  determine  whether  it 
was  the  break,  the  food,  or  both  that  was  responsible  for  the  higher  rates 
of  decisions  that  were  favorable  to  defendants,  but  this  study  clearly  sup- 
ports the  literature  showing  that  even  experienced  judges  are  subject  to  the 
same  psychological  biases  that  influence  the  rest  of  us,  usually  without  our 
conscious  awareness. 
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Few  judges  would  believe  that  their  decisions  depend  on  the  state  of  their 
stomachs  or  how  rested  they  feel,  but  when  they  are  confronted  with  the 
data,  they  could  take  steps  to  minimize  these  effects,  such  as  taking  mul- 
tiple short  breaks  or  consuming  small  snacks  on  a more  frequent  basis.  The 
researchers  assert  that  they  expect  similar  results  across  a wide  range  of 
decision-making  situations,  including  medical,  financial,  and  admissions 
decisions,  to  name  just  a few.  As  the  literature  on  unconscious  influences 
on  how  we  think,  feel,  and  act  grows  (the  first  chapter  has  more  examples), 
it  underscores  the  need  to  take  deliberate  steps  to  make  the  unconscious 
conscious.  The  problem,  of  course,  is  that  we  cannot  know  about  all  of  the 
possible  unconscious  influences,  so  we  need  to  maintain  a general  mind- 
fulness of  the  power  of  what  we  do  not  know,  and  we  need  to  be  humble 
about  how  rational  we  actually  are. 

What  about  other  sorts  of  decisions — like  financial  ones?  it  seems  that  all 
sorts  of  decisions  are  influenced  by  factors  that  we  do  not  realize,  in  one 
study,  researchers  varied  the  information  people  were  given  about  the  ra- 
tios of  adult  unmarried  men  to  adult  unmarried  women  in  different  cities 
(Griskevicius  et  al.,  2012).  When  there  was  an  excess  of  men,  the  men  re- 
ported that  they  would  save  less  money  and  would  be  more  likely  to  bor- 
row money  for  immediate  expenses.  Varying  the  ratios  did  not  influence 
women's  intentions  to  save  or  spend  money.  These  results  were  replicated 
across  several  studies  using  different  types  of  dependent  measures.  For  ex- 
ample, when  there  was  an  excess  of  men,  they  reported  that  they  would 
spend  more  on  an  engagement  ring,  a dinner  entree  on  a date,  and  on  a 
Valentine's  Day  gift.  Yet,  the  men  were  not  aware  that  their  responses 
varied  according  to  the  sex  ratios  they  read  about.  The  message  is  clear — 
decisions  can  be  manipulated  without  our  awareness  or  knowledge.  We 
probably  can  never  understand  all  of  the  influences  on  our  decisions,  but 
by  carefully  considering  the  type  of  decision  we  are  making  and  using  a 
system  like  the  work  sheet  presented  later  in  this  chapter,  we  may  be  able 
to  minimize  the  effect  of  unconscious  influences. 

Nudging  a Decision 

Decision  makers  do  not  make  choices  in  a vacuum.  They  make  them 
in  an  environment  where  many  features,  noticed  and  unnoticed,  can 
influence  their  decisions.  The  person  creates  the  environment  . . . [He] 
is  a choice  architect. 

— Richard  H.  Thaler  and  Cass  R.  Sunstein  (2011) 
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A nudge  is  a gentle  push  in  a direction  that  someone  wants  you  to  move. 
A cognitive  nudge  is  much  like  a physical  one — information  is  arranged 
in  a way  that  makes  it  more  likely  that  you  will  behave  in  a certain  way.  It 
is  not  like  unconscious  influences  because  the  person  is  (usually)  aware  of 
that  there  is  an  attempt  to  influence  an  outcome,  but  it  is  subtle,  and  when 
done  well,  it  can  be  effective.  In  their  popular  book.  Nudge:  Improving  Deci- 
sions about  Health,  Wealth,  and  Happiness,  Thaler  and  Sunstein  (2008)  pro- 
vide multiple  examples  of  the  way  seemingly  small  changes  in  the 
environment  change  the  decisions  that  people  make. 

Consider  the  problem  of  keeping  public  restrooms  clean.  A clever  airport 
maintenance  worker  at  the  Schiphol  Airport  in  Amsterdam  did  just  that 
and  came  up  with  the  idea  of  etching  a picture  of  a fly  into  men's  urinals — 
to  give  them  something  to  improve  their  aim.  According  to  Krulwich 
(2009),  this  is  actually  an  old  idea  and  one  that  apparently  works.  "Spillage" 
rates  at  the  airport  have  dropped  80  percent  because  there  it  seems  that 
men  like  to  aim  at  targets.  This  is  an  example  of  a "nudge." 

If  you  find  the  idea  of  urinal  behavior  silly  or  even  offensive,  consider 
other  more  sober  examples  of  the  value  of  a nudge.  Are  you  an  organ 
donor?  If  you  live  in  Austria,  Belgium,  France,  or  Poland,  you  almost  cer- 
tainly responded  "yes."  But  if  you  live  in  Denmark,  Netherlands,  the 
United  Kingdom,  or  Germany,  you  probably  are  not.  How  can  we  explain 
huge  national  differences  in  rates  of  organ  donation?  In  countries  with 


Figure  8.2  An  image  of  a fly  etched  in  urinals  is  an  example  of  a "nudge."  Men  engage 
in  more  "targeted"  behaviors  when  there  is  a "fly"  in  the  urinal.  Photo  "Aim  at  the  Fly" 
by  Thomas  Quine  (quinet),  used  courtesy  of  Flickr  Creative  Commons  Licensing. 
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high  rates  of  organ  donations,  citizens  are  organ  donors  uniess  they  register 
not  to  be;  whereas  in  countries  with  iow  rates  of  organ  donors,  citizens 
have  to  register  if  they  want  to  donate  their  organs  Qohnson  & Goidstein, 
2003).  Most  peopie  decide  to  accept  the  status  quo.  In  the  United  States, 
polls  show  that  85%  approve  of  organ  donation,  but  only  28%  have  signed 
a donor  card,  which  would  allow  the  donations  of  their  organs  (after  their 
death).  Researchers  believe  a simple  change  from  the  "opt-in"  system  that 
is  currently  in  use  in  the  United  States  to  an  "opt-out"  system  would  result 
in  a substantial  number  of  lives  saved  with  the  use  of  donated  organs.  The 
rate  of  organ  donors  for  several  countries  in  the  European  Union  is  shown 
in  Figure  8.3. 

Financial  decisions  can  also  benefit  from  a nudge  in  the  desired  direction. 
International  research  from  the  United  States,  Chile,  Mexico,  and  Sweden 
has  shown  that  when  employees  are  automatically  enrolled  in  savings 
plans,  including  retirement  plans,  they  are  much  more  likely  to  save  than 
when  they  have  to  "opt-in"  to  a savings  plan  (Beshears,  Choi,  Faibson,  & 
Madrian,  2006).  Along  similar  lines,  the  state  of  Washington  was  faced 
with  a serious  budget  crisis  and  was  going  to  have  to  close  many  state 
parks.  What  did  they  do  to  fund  the  parks  so  that  they  could  remain  open? 
You  probably  guessed  that  they  changed  a default.  In  this  example,  drivers 


Effective  consent  rates,  by  country.  Explicit  consent  (opt-in,  light  blue)  and  presumed 
consent  (opt-out,  dark  blue). 

Figure  8.3  Rates  of  organ  donations  for  countries  in  the  European  Union.  From 
Johnson  & Goldstein  (2003),  Science.  Reprinted  with  permission  from  AAAS. 
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had  been  given  a choice  to  donate  $5  for  the  parks  when  they  renewed 
their  license.  Under  the  new  plan,  drivers  would  have  to  decide  NOT  to 
donate  $5  when  they  renewed  their  license  (Thaler  & Sunstein  2011). 
Defaults  offer  the  course  of  least  resistance  and  it  seems  that  is  a path  that 
most  of  us  prefer.  The  research  is  clear — defaults  matter.  Seemingly  small 
changes  in  the  way  choices  are  presented  can  have  a huge  effect  on  what 
people  decide  to  do. 

Evaluating  Consequences 


Murphy's  Law:  Anything  that  can  go  wrong,  will. 

Comment  on  Murphy's  Law:  Murphy  was  an  optimist. 

If  you  return  to  Figure  8.1,  you  will  see  that  evaluation  is  done  repeatedly 
as  new  alternatives  are  generated,  the  decision  is  phrased  differently,  and 
the  consequences  of  alternatives  are  considered.  Decision  making  always 
involves  uncertainty  because  we  are  thinking  about  the  way  different  ac- 
tions will  have  some  future  effect.  The  decisions  that  we  make  have  impli- 
cations for  the  future,  and  the  future  inherently  involves  unknowns.  For 
this  reason,  the  principles  involved  in  assessing  likelihood  and  uncertainty 
that  were  presented  in  Chapter  7 are  an  integral  part  of  the  decision- 
making process. 

Research  on  how  people  typically  deal  with  uncertainty  has  shown  that  the 
usual  response  is  to  ignore  it,  which  is  probably  why  so  many  people  accept 
default  options.  Although  doing  nothing  may  reduce  the  immediate  com- 
plexity of  a decision,  it  is  often  a maladaptive  procedure  that  could  lead  to 
catastrophic  results.  It  is  possible  to  reduce  the  number  of  unknowns  in 
any  situation.  This  will  almost  always  involve  some  work  by  the  decision- 
maker, but  if  the  decision  is  an  important  one,  it  will  be  time  well  spent. 
Let's  consider  a common  example.  Most  of  us  will  purchase  several  auto- 
mobiles in  our  lifetimes.  For  a majority  of  Americans,  this  will  represent  the 
second  largest  expenditure  that  they  will  make,  exceeded  only  by  a home 
purchase.  The  quality  of  this  decision  can  be  improved  with  a little  re- 
search. You  can  determine  which  automobile  variables  are  important  to 
you  and  gather  relevant  data  about  each  car  you  are  considering  for  pos- 
sible purchase. 

Almost  any  decision  can  be  improved  with  a little  research  that  would  re- 
duce the  uncertainty.  For  example,  if  you  are  uncertain  about  the  safety  of 
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genetically-altered  foods,  an  afternoon  at  the  library  reading  both  pro  and 
con  materials,  with  benefits  and  cost  information,  respectively,  should  allow 
you  to  make  a much  more  informed  decision  about  this  important  issue. 

Assessing  Desirable  and  Undesirable  Consequences 

We  can  understand  judgment  as  the  quality  of  analysis,  reflection,  and 
ultimately  insight  that  informs  the  making  of  politically  consequential 
framing  decisions. 

— Jonathan  Renshon  (1992,  p.  481-482) 

The  decision-maker  must  always  be  aware  of  the  risks  and  benefits  associ- 
ated with  taking  or  not  taking  a particular  course  of  action.  The  way  con- 
sequences are  evaluated  will  depend  on  the  context.  For  example,  the 
consequences  of  not  taking  an  umbrella  will  be  greater  if  you  are  heading 
off  for  a business  meeting  where  showing  up  dry  is  important  than  if  you 
are  taking  the  dog  for  a walk  and  then  returning  home. 

If  you  live  in  an  apartment  near  a college  campus,  you  are  well  aware  of  the 
"joys"  associated  with  apartment  hunting.  Rental  units  are  often  in  short 
supply  in  college  communities  and  are  priced  in  a range  that  strains  the 
typical  student's  budget.  Students  may  find  themselves  considering  an 
apartment  that  lacks  the  amenities  they  were  hoping  for  at  a price  that  is 
really  above  their  income.  The  risk  associated  with  turning  the  apartment 
down  is  that  they  might  not  find  another  apartment  within  walking  dis- 
tance to  the  college  campus.  The  risks  associated  with  renting  the  apart- 
ment must  also  be  considered.  What  if  they  find  that  they  really  cannot 
afford  to  keep  up  the  monthly  rental  payments?  The  decision-maker  has  to 
decide  which  risk  is  greater  and  the  likelihood  of  each  occurring.  Obvi- 
ously, both  risks  need  to  be  assessed  very  carefully  and  additional  alterna- 
tives considered.  Perhaps  a cheaper  apartment  can  be  found  in  another 
section  of  town  with  good  public  transportation  to  campus,  or  perhaps  a 
roommate  can  be  found  to  share  the  rent. 

A poignant  example  of  failure  to  assess  risks  adequately  can  be  found  in  an 
analysis  of  the  United  States'  military  actions  just  prior  to  the  attack  on 
Pearl  Harbor.  Admiral  Kimmel,  Commander-in-Chief  of  Naval  Operations 
in  the  Pacific,  had  received  several  warnings  from  Washington  that  a 
Japanese  attack  in  the  Southwest  was  possible.  He  decided  to  downplay  the 
probability  of  an  attack  on  Pearl  Harbor  because  he  believed  that  other 
naval  sites  were  more  likely  targets.  Quite  by  accident,  and  almost  an  hour 
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before  the  attack,  two  army  privates  spotted  on  a radar  screen  large  num- 
bers of  unidentified  aircraft  flying  towards  Pearl  Harbor.  Realizing  that 
these  could  be  Japanese  bomber  planes,  they  reported  the  presence  of  the 
unidentified  aircraft  to  the  Army's  radar  center. 

Let's  consider  the  plight  of  the  officer  on  duty  at  the  radar  center.  The 
United  States  was  not  at  war  with  Japan.  He  had  never  received  the  recent 
warning  that  a Japanese  attack  was  imminent.  He  had  to  decide  whether  the 
unidentified  objects  on  the  radar  screen  belonged  to  the  United  States  or 
Japan.  There  were  costs  and  risks  associated  with  either  choice.  If  he  had 
erroneously  decided  that  they  were  Japanese  planes,  he  would  have  been  res- 
ponsible for  recalling  personal  "leaves"  for  large  numbers  of  servicemen  and 
women  and  creating  havoc  and  panic  on  the  military  base.  There  were  also 
large  financial  costs  involved  in  preparing  for  anti-aircraft  maneuvers. 
Because  he  assessed  the  possibility  of  a Japanese  attack  to  be  low,  he  told 
the  two  privates  to  forget  about  the  objects  detected  by  radar.  He  deci- 
ded that  they  were  probably  the  Army  B-17s  that  were  expected  to  arrive 
some  time  that  day.  With  the  unfortunate  benefit  of  hindsight,  it  is  clear 
that  he  failed  to  assess  adequately  the  risks  associated  with  each  decision. 
The  result  was  the  worst  naval  disaster  in  United  States  history  with  over 
2,000  lives  lost.  Even  though  he  believed  that  an  attack  was  unlikely  (wish- 
ful thinking),  he  should  have  realized  that  the  risks  were  too  great  to  justify 
his  decision.  Decisions  made  under  extreme  risks  need  careful  scrutiny  and 
not  an  off-hand  dismissal.  In  this  case,  the  risks  associated  with  deciding 
that  the  planes  belonged  to  the  United  States  were  many  times  less  than 
those  associated  with  the  decision  that  they  were  Japanese  bombers. 

Research  has  shown  that  the  Pearl  Harbor  scenario  is  not  unusual.  When- 
ever extreme  risk  is  associated  with  a course  of  action,  there  is  a tendency 
to  minimize  the  unfavorable  consequences  (Janis  & Mann,  1977).  This  is 
sometimes  called  biased  discounting — the  bias  or  predilection  to  dis- 
count or  reduce  perceived  risk  or  its  probability.  It  often  operates  along 
with  wishful  thinking,  which  causes  the  decision-maker  to  assess  the  prob- 
ability of  a desirable  outcome  too  high,  the  failure  to  seek  disconfirming 
evidence,  which  is  the  tendency  to  ignore  evidence  that  would  not  support 
your  favored  hypothesis,  and  overconfidence  in  the  quality  of  the  decision 
that  was  made.  These  tendencies,  taken  together,  allowed  the  radar  officer 
to  bolster  his  decision  to  ignore  the  unidentified  objects  by  rationalizing 
either  that  even  if  they  were  Japanese  bomber  planes,  they  probably  would 
not  do  much  damage,  or  it  was  extremely  unlikely  that  they  were  Japanese 
aircraft.  A more  recent  example  in  which  the  failure  to  consider  the 
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consequences  of  certain  decision  alternatives  can  be  seen  in  an  analysis  of 
the  Gulf  War  that  involved  the  United  States,  Iraq,  and  Kuwait.  The  re- 
searcher who  conducted  the  Gulf  War  analysis  found  many  similarities  to 
the  decisions  that  were  made  at  Pearl  Harbor  (Renshon,  1992). 

When  making  decisions,  many  people  prefer  risks  associated  from  not  act- 
ing to  the  risks  associated  with  taking  action.  The  bias  or  preference  for 
inaction  is  known  as  omission  bias  (Baron,  1994).  Consider  the  decision 
to  vaccinate  your  child  against  some  dread  disease.  Many  parents  will  de- 
cide NOT  to  vaccinate  their  children  even  when  the  risk  of  serious  illness 
or  death  from  the  vaccine  is  extremely  small  and  the  risk  of  getting  a seri- 
ous disease  or  dying  is  many  times  higher  if  the  child  is  not  vaccinated. 
Many  people  prefer  the  harm  done  by  inaction  (not  getting  a flu  vaccine, 
for  example)  to  possible  harm  from  action  (e.g.,  getting  a flu  vaccine),  even 
when  the  likelihood  of  a negative  effect  is  less  with  an  action  than  with 
inaction  (daCosta  DiBonaventura  & Chapman,  2008). 

Elimination  by  Aspects 

Let's  return  to  the  earlier  problem  of  deciding  which  automobile  to  buy. 
With  so  many  automobiles  on  the  market,  where  do  you  begin?  Most 
people  begin  a decision-making  processes  of  this  sort  with  a strategy 
known  as  elimination  by  aspects,  although  few  people  know  it  by  this 
name  (Tversky,  1972).  An  individual  who  is  concerned  about  unemploy- 
ment in  the  U.S.  car  industry  would  begin  by  eliminating  cars  that  are  not 
manufactured  in  the  United  States.  In  this  instance,  the  aspect  under  con- 
sideration is  the  place  in  which  the  automobile  is  manufactured.  At  this 
point,  most  people  will  decide  which  features  (or  aspects)  of  automobiles 
are  important  to  them.  Suppose  that  you  are  on  a limited  budget  so  that 
cost  is  an  important  feature  to  you.  You  would  probably  determine  the  cost 
of  various  models  of  Fords,  Chevrolets,  and  other  U.S.  autos.  Models  that 
cost  more  than  your  price  ceiling  would  be  eliminated. 

Let's  suppose  further  that  frequency  of  repair  is  another  important  vari- 
able. Of  course,  no  one  can  tell  you  how  frequently  the  car  you  choose  will 
need  repair,  but  you  can  reduce  some  of  the  uncertainty  associated  with 
this  variable  by  finding  out  how  often  other  models  similar  to  the  ones  you 
are  considering  have  needed  repair  in  the  past.  This  information  is  avail- 
able in  consumer  periodicals  in  every  library.  If  some  of  the  models  that 
you  are  still  considering  are  judged  as  "worse  than  average"  on  the  fre- 
quency of  repairs,  then  presumably  these  would  be  eliminated  from  further 
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consideration.  The  elimination  by  aspects  strategy  would  be  recycled  re- 
peatedly until  the  decision-maker  is  left  with  a few  possible  models  from 
which  to  choose.  Typically,  small  and  seemingly  insignificant  differences 
will  come  into  play  to  complete  the  process — for  example,  "I'm  tired  of 
shopping,"  or  "Let's  just  take  this  one,"  or  "The  dealer  will  include  at  no 
extra  cost  furry  dice  to  hang  from  the  rear  view  mirror  if  1 buy  this  model," 
or  "1  can  drive  this  one  home  today."  The  use  of  small  and  relatively  incon- 
sequential factors  to  close  the  decision  is  an  example  of  mindlessness,  a 
topic  that  was  discussed  earlier  in  this  book.  Most  consumers  are  not  aware 
that  something  as  "small"  as  free  fuzzy  dice  tilts  the  balance  of  what  had 
been  a prudent  process. 

The  method  of  elimination  by  aspects  can  be  used  in  many  contexts.  Politi- 
cal candidates,  for  example,  can  be  thought  of  as  choices  that  vary  along 
several  criteria.  If  you  decide  that  the  issues  that  are  important  to  you  in- 
clude a strong  military  defense,  reduction  of  taxes,  and  school  prayer,  then 
you  could  rank  each  of  these  candidates  along  these  aspects  and  eliminate 
the  candidates  who  do  not  share  your  views.  You  would  have  to  determine 
which  of  these  aspects  is  most  important  if  you  find  that  none  of  the  can- 
didates shares  all  of  your  views  about  these  important  issues.  Elimination  by 
aspects  is  "fast  and  frugal"  reasoning  (Gigenzer,  Todd,  & the  ABC  Research 
Group,  1999;  Gigenzer  & Goldstein,  1996).  It  is  one  of  several  "short-cuts" 
in  reasoning  where  the  decision-maker  does  not  carefully  weigh  a large 
amount  of  data,  but  relies  instead  on  a quicker  (and  some  would  say 
"dirtier")  method  of  reaching  a decision.  It  is  much  faster  than  the  work- 
sheet method  that  is  presented  below,  and  it  works  well  when  there  are  time 
constraints  or  when  the  decision  does  not  warrant  the  extensive  work  of  a 
worksheet. 

Preparing  a Worksheet 


The  time  is  ripe  for  a major  national  and  international  effort  to  include 
thinking  and  decision  making  in  school  curricula. 

— Jonathan  Baron  and  Rex  V.  Brown  (1991,  p.  6) 

We  have  clear  evidence  that  decision  making  biases  do  not  go  away  just  by 
telling  people  not  to  make  them,  but  decision  making  can  be  improved 
with  effective  training  programs  (e.g.,  Kylesten  & Nahlinder,  2011).  Re- 
searchers have  found  that  the  best  way  to  make  an  important  decision  in- 
volves the  preparation  and  utilization  of  a decision  worksheet.  The  purpose 
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of  a worksheet  is  to  optimize  decision  making.  Psychologists  who  study 
optimization  compare  the  actual  decision  made  by  a person  to  a theo- 
retical “ideal"  decision  to  see  how  similar  they  are.  Proponents  of  the 
worksheet  procedure  believe  that  it  will  yield  optimal  (best)  decisions. 
Although  there  are  several  variations  on  the  exact  format  that  a worksheet 
can  take,  they  are  similar  in  their  essential  aspects.  Worksheets  require 
framing  the  decision  in  a clear  and  concise  way,  listing  many  possible  al- 
ternatives that  would  achieve  a desired  goal,  listing  the  relevant  consider- 
ations that  will  be  affected  by  the  decision,  determining  the  relative 
importance  of  each  consideration,  and  mathematically  calculating  a deci- 
sion. The  end  product  of  the  worksheet  procedure  is  a single  numerical 
summary  of  each  possible  solution  or  alternative.  In  theory,  the  alternative 
with  the  highest  number  of  points  emerges  as  the  best  decision,  but  more 
usually,  the  careful  consideration  of  alternatives  and  their  probabilities  and 
value  to  the  decision-maker  leads  to  a decision  before  the  entire  process  is 
completed  because  it  helps  to  clarify  values  and  keeps  the  decision-maker 
focused  on  the  task. 

Most  important  problems  are  multifaceted,  with  several  different  ways  of 
framing  the  decision  and  many  alternatives  to  choose  from,  each  with 
unique  advantages  and  disadvantages.  One  of  the  benefits  of  a pencil 
and  paper  decision-making  procedure  is  that  it  permits  us  to  deal  with 
more  variables  than  our  immediate  processing  ability  would  allow.  If  you 
have  already  read  the  chapter  on  utilizing  memory,  you  will  recall 
(1  hope)  that  working  memory  is  limited  in  the  number  of  pieces  of  in- 
formation it  can  deal  with  at  one  time.  A worksheet  can  be  especially 
useful  when  the  decision  involves  a large  number  of  variables  with  com- 
plex relationships. 

Let's  consider  the  worksheet  procedure  with  a realistic  example  for  most 
college  students:  “What  will  1 do  after  graduation?"  A hypothetical  stu- 
dent, Evan,  has  several  post-graduation  opportunities.  He  is  contemplating 
the  following:  (1)  a job  in  a large  fashionable  department  store  where  he 
will  train  to  be  a buyer;  (2)  a teaching  position  in  an  inner-city  school, 
probably  a 5th  or  6th  grade  class;  (3)  a graduate  school  degree  in  business 
administration;  (4)  a law  school  degree;  and  (5)  a year  off  to  “bum  around" 
Europe.  A decision-making  worksheet  will  be  very  important  in  helping 
him  choose  the  best  alternative.  Notice  that  1 did  not  say  “correct"  alterna- 
tive because  there  are  many  possible  good  alternatives  for  real  life,  com- 
plex decisions. 
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Framing  the  Decision 

It  is  critical  to  be  cognizant  of  the  frame  of  a decision  and  to  consider 

alternative  perspectives. 

— Mark  D.  Rogerson,  Michael  C.  Gottlieb,  Mitchell  N.  Handelsman, 
Samuel  Knapp,  and  Jeffrey  Younggren  (2011,  p.  617) 

The  first  step  in  making  a sound  decision  is  the  realization  that  a decision 
needs  to  be  made.  A decision-making  worksheet  begins  with  a succinct 
statement  of  the  problem  that  will  also  help  to  narrow  it.  Thus,  the  problem 
for  Evan  becomes  "What  will  I do  after  graduation  that  will  lead  to  a suc- 
cessful career?"  If  Evan  words  his  decision  this  way,  he  has  already  decided 
that  his  decision  will  involve  long-range  goals  and  not  immediate  ones.  It 
is  important  to  be  clear  about  this  distinction  because  most  often,  long- 
range  goals  will  involve  a different  decision  than  short-range  ones.  Thus, 
the  options  of  attending  graduate  or  law  school  are  really  statements  about 
working  in  business  or  as  a lawyer  and  not  decisions  about  school  per  se. 

The  importance  of  this  first  step  cannot  be  overemphasized.  The  entire 
decision-making  process  depends  on  the  way  the  problem  is  defined.  If 
Evan  had  posed  the  problem  as  "How  can  I best  earn  a good  living?",  he 
would  find  that  the  process  would  focus  on  monetary  considerations.  Simi- 
larly, the  process  would  change  if  he  posed  the  problem  as,  "Should  I go  to 
graduate  school?"  Research  with  business  managers  has  shown  that  the 
ability  to  redefine  business  problems  is  an  important  characteristic  of  good 
decision  making  in  management  (Merron,  Fisher,  & Torbert,  1987).  The 
way  the  decision  is  framed  will  determine  the  alternatives  that  are  gener- 
ated and  the  way  they  are  evaluated.  This  is  an  important  point.  If  you  are 
worried  about  world  hunger,  you  could  frame  the  decision  about  what  to 
do  about  it  several  ways:  How  can  we  produce  enough  food  to  feed  all  the 
people  in  the  world?  How  can  we  adjust  the  world  population  so  that  it 
does  not  exceed  the  food  supply?  How  can  we  move  food  from  wealthy 
countries  to  poor  ones?  How  can  we  develop  nonfood  alternatives  that  are 
nutritious?  Each  of  these  decisions  will  suggest  different  alternatives. 

Similarly,  be  mindful  of  the  way  others  have  framed  decisions  for  you.  The 
media  may  adhere  to  all  guidelines  of  fairness  and  still  present  decisions  in 
ways  that  limit  broader  considerations.  For  example,  I served  as  a juror  on 
a complex  trial  where  the  attorney  for  the  defense  framed  the  question  for 
the  jury  as  "Why  should  you  believe  the  alleged  victim?"  By  contrast,  the 
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attorney  for  the  prosecution  framed  the  question  for  the  jury  as  "Is  there 
sufficient  evidence  that  the  defendant  committed  the  alleged  crime?"  Each 
of  these  "decision  frames"  led  to  the  consideration  of  different  types  of  evi- 
dence. The  jury  had  to  be  aware  of  the  differences  in  framing  and  attempt 
to  see  the  decision  about  guilt  or  innocence  from  several  different  perspec- 
tives as  they  conducted  their  deliberations. 

A worksheet  procedure  can  have  many  important  applications  for  social 
problems.  Consider  the  contemporary  problem  of  violence,  which  is  filled 
with  numerous  decision  points.  It  seems  that  it  should  be  possible  to 
teach  aggressive  children  and  adults  to  reframe  their  problems  in  ways 
that  suggest  nonviolent  alternatives.  For  example,  instead  of  asking,  "How 
can  I get  even  with  a classmate?",  the  child  could  be  trained  to  ask,  "How 
can  I improve  a bad  situation?"  Perhaps  a thoughtful,  creative  reader  will 
devise  an  educational  program  that  teaches  children,  and  perhaps  even 
politicians,  to  reframe  decisions  so  that  nonaggressive  alternatives  are 
generated. 

Generating  the  Alternatives 

The  next  step  is  to  write  out  in  separate  columns  across  the  top  of  the 
worksheet  all  possible  alternatives  that  could  solve  the  problem.  You  will 
need  a large  sheet  of  ruled  paper  or  a computerized  spread  sheet  because  it 
would  make  no  sense  to  cut  the  worksheet  process  short  because  you  ran 
out  of  space  on  your  paper.  It  is  important  that  you  do  not  evaluate  the 
alternatives  at  this  stage;  however,  this  is  not  the  place  for  fiction  either.  If 
you  are  tone  deaf,  this  is  not  the  time  to  fantasize  about  a career  in  the 
opera.  Allow  room  for  two  columns  under  each  alterative  that  will  be  used 
later  for  calculations.  Research  on  decision  making  by  physicians  found 
that  one  of  the  most  common  errors  was  "premature  closure,"  the  ten- 
dency to  stop  thinking  about  alternative  diagnoses  as  soon  as  a likely  diag- 
nosis was  found  (Norman  & Eva,  2010).  Remember,  you  cannot  select  an 
alternative  that  you  never  considered. 

Thus  far,  Evan's  worksheet  would  look  something  like  this: 


Table  8.1:  What  Will  I Do  After  College  That  Will  Lead  to  a Successful  Career? 


Alternatives 

Dept. 

Teacher — 

Graduate 

Law 

"Bum  in 

Store 

Inner-City 

School — 

School 

Europe" 

Buyer 

School 

Business 

for  a Year 
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Evan  notices  while  drawing  up  his  worksheet  that  these  alternatives  are  not 
all  mutually  exclusive.  There  is  no  reason  why  he  cannot  decide  to  travel 
around  Europe  for  a year  and  then  select  a career  goal;  besides,  a vacation 
in  Europe  is  not  a long-range  plan,  and  the  decision  currently  being  made 
is  for  life  career  goals.  He  decides  at  this  point  to  erase  the  fifth  alternative 
because  it  seems  to  require  a separate  decision  from  the  other  four.  He  also 
remembers  at  this  point  that  his  father  always  hoped  that  Evan  would  want 
to  run  the  family-owned  lumber  business  after  his  graduation  from  college. 
Although  this  is  not  an  appealing  idea  to  Evan,  he  substitutes  it  as  an  ad- 
ditional choice  because  the  rules  for  this  step  of  the  process  do  not  allow 
for  evaluation. 

Listing  the  Considerations 

The  decision  Evan  makes  will  have  multiple  effects.  His  feelings  about  mak- 
ing a personal  contribution  to  society,  his  income  and  his  future  life  style, 
his  parents'  and  friends'  opinions  of  him,  the  quality  of  his  workday,  and 
many  other  variables  are  at  stake.  If  Evan  were  married  and  had  children, 
the  impact  of  each  decision  on  his  spouse  and  children  would  also  need  to 
be  considered.  At  this  point,  Evan  should  cover  the  alternatives  and  list  on 
the  left-hand  side  of  his  worksheet  the  considerations  or  variables  that  will 
be  affected  by  his  decision.  The  worksheet  would  now  look  like  this.  (See 
Table  8.2.) 


Table  8.2:  What  Will  I Do  After  College  That  Will  Lead  to  a Successful  Career? 


Alternatives 

Dept. 

Store 

Buyer 

Teacher — 
Inner-City 
School 

Graduate 
School — 
Business 

Law 

School 

Run 

Family 

Lumber 

Business 

Considerations 
Desire  to  Help 
Society 
Income 
Parents' 

Opinions 
Friends'  Opinions 
Interest  in  the  Work 
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Before  proceeding,  Evan  should  now  put  the  worksheet  away  and  mull  over 
the  way  the  decision  was  framed  and  the  alternatives  and  the  consider- 
ations that  he  listed.  Often  people  find  that  in  the  course  of  worksheet 
preparation,  they  think  of  new  alternatives  and  discover  which  consider- 
ations are  important  to  them.  It  is  also  a good  idea  to  ask  other  people  you 
trust  if  they  can  think  of  additional  alternatives  and  considerations.  Consid- 
erations and  alternatives  that  are  not  listed  on  the  worksheet  will  not  be 
considered,  so  it  is  extremely  important  to  list  all  the  relevant  alternatives 
and  considerations.  Do  not  cut  this  part  of  the  decision-making  process 
short.  It  is  important. 

Be  sure,  however,  that  you  do  not  let  other  people  make  the  decision  for 
you.  Suppose  that  Evan's  friend  suggests  that  Evan  seriously  pursue  his 
interest  in  music  and  become  a jazz  musician.  In  addition,  Evan  thinks  up 
several  additional  considerations,  which  he  lists  on  his  worksheet.  He  also 
decides  that  as  he  is  planning  for  his  future,  he  should  realistically  consider 
his  chances  for  success  at  each  alternative.  (See  Table  8.3.) 


Table  8.3:  What  Will  I Do  After  College  That  Will  Lead  to  a Successful  Career? 


Alternatives 

Dept. 

Store 

Buyer 

Teacher — 
Inner-City 
School 

Graduate 
School — 
Business 

Law 

School 

Run 

Family 

Lumber 

Business 

Jazz 

Musician 

Considerations 
Desire  to  Help 
Society 
Income 

Parents'  Opinions 
Friends'  Opinions 
Interest  in 
the  Work 
Prestige  of 
Occupation 
Employment 
Security 
Amount  of 
Vacation  and 
Free  Time 
Likelihood  of 
Success 

Decision  Making  435 


Listing  all  relevant  considerations  is  an  important  part  of  the  worksheet 
process.  Janis  and  Mann  (1977)  believe  that  poor  decisions  often  result 
from  failures  to  think  through  all  of  the  relevant  considerations.  They  sug- 
gest that  considerations  be  listed  under  four  categories — gains  and  losses 
for  self,  gains  and  losses  for  significant  others,  self-approval  and  disap- 
proval, and  social  approval  and  disapproval  to  avoid  overlooking  impor- 
tant considerations. 

Weighing  the  Considerations 

Balancing  the  pros  and  the  cons  is  certainly  among  the  most  intuitive 
approaches  that  one  might  take  to  decision  making.  It  was  already  at 
the  core  of  Benjamin  Franklin's  'moral  algebra'  (explained  in  his  fa- 
mous 1772  letter  to  Joseph  Priestley)  and  it  has  certainly  not  fallen  from 
grace  since  then. 

— Jean-Franfois  Bonnefon,  Didier  Dubois, 
Helene  Fargier,  and  Sylvie  Leblois  (2008,  p.  71) 

It  is  almost  always  true  that  the  considerations  are  not  equally  important 
to  the  decision-maker  and  therefore  need  to  be  weighed  accordingly. 
A five-point  scale  in  which  1 = of  slight  importance,  5 = of  great  impor- 
tance, and  the  numbers  2,  3,  4 reflect  gradations  of  importance  between 
these  end  points  can  be  used  to  quantify  the  relative  importance  of  each 
consideration.  Weighing  considerations  is  a personal  matter.  It  is  likely  that 
each  of  us  would  assign  weights  somewhat  differently.  If  Evan  felt  that  his 
desire  to  help  society  was  moderately  important  to  him,  he  would  rate  it  a 
"3."  Similarly,  if  he  believed  that  income  was  more  than  moderately  impor- 
tant to  him,  but  less  than  "of  great  importance"  he  would  rate  it  a "4."  The 
appropriate  weights  are  placed  alongside  each  consideration. 

After  assigning  numbers  (the  weights)  to  each  consideration,  you  should  stop 
to  survey  the  weights.  If  Evan  rated  "friend's  opinions"  with  a larger  number 
than  "parents'  opinions,"  this  reflects  how  he  feels  about  their  relative  opin- 
ions. This  is  a good  way  to  clarify  which  considerations  are  most  important 
to  you.  It  is  a good  way  to  consider  your  own  values.  It  is  not  unusual  to  find 
that  the  process  ends  here  because  the  decision-maker  realizes  which  alterna- 
tives are  important  and  does  not  need  to  complete  the  process. 

Weighing  the  Alternatives 

Now  is  the  time  to  think  carefully  about  each  alternative  and  determine 
how  well  each  satisfies  the  considerations  listed.  The  alternatives  will  be 
weighed  using  the  numbers  -2,  -1,  0,  -i-l,  and  +2.  A positive  number 
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indicates  that  it  is  favorable  or  "pro"  the  consideration,  with  +2  indicating 
that  it  is  highly  favorable,  and  +1  indicating  that  it  is  somewhat  favorable. 
A negative  number  will  be  used  if  an  alternative  is  incompatible  with  or 
"con"  a consideration,  with  -2  indicating  that  it  is  highly  incompatible, 
and  -1  indicating  that  it  is  somewhat  incompatible.  Zero  will 
be  used  when  an  alternative  is  neither  favorable  nor  unfavorable  to  a 
consideration. 

We  will  use  Evan's  worksheet  to  demonstrate  how  to  weigh  alternatives. 
First,  Evan  has  to  contemplate  how  becoming  a department  store  buyer 
will  satisfy  his  desire  to  help  society.  Certainly  it  will  not  hurt  society,  but 
it  probably  will  not  help  it  either.  Evan  believes  that  while  it  may  create 
additional  jobs  in  related  industries  (fashion,  sewing,  etc.),  this  is  not  really 
what  he  had  in  mind  when  he  thought  about  helping  society;  therefore,  he 
rates  it  a zero  on  this  consideration.  This  number  is  placed  under  "Depart- 
ment Store  Buyer"  in  the  left  hand  column  on  the  first  row.  Subsequent 
ratings  will  be  placed  directly  below  this  number.  If  he  does  eventually 
become  a buyer  for  a large  department  store,  he  probably  will  earn  a satis- 
factory income.  He  certainly  will  not  be  rich,  but  it  will  be  enough  money 
to  allow  him  to  live  comfortably;  therefore,  he  gives  it  a -nl.  Both  his  par- 
ents and  friends  will  consider  it  to  be  a moderately  good  job,  so  he  rates  it 
a -1-1  on  both  these  considerations.  He  believes  that  it  should  be  very  inter- 
esting work  and  rates  it  a +2  on  "interest  in  the  work."  It  should  be  a mod- 
erately prestigious  occupation  and  thus  rates  a -i-l  in  this  category. 
Unfortunately,  it  probably  will  not  offer  much  employment  security  be- 
cause department  store  sales  are  tied  to  the  economy,  which  seems  to  fluc- 
tuate erratically;  he  therefore  rates  it  -1  on  "employment  security." 
A department  store  buyer  is  required  to  work  a 40-hour  or  more  work  week 
with  only  a few  weeks  a year  for  vacation;  he  thus  rates  it  a -2  on  vacation 
and  free  time.  He  notes  that  he  is  moderately  likely  to  succeed  as  a depart- 
ment store  buyer,  so  he  rates  it  -h1  on  this  consideration. 

It  is  usually  necessary  to  gather  more  information  at  this  stage  of  the  decision- 
making process.  Evan  may  need  to  check  various  income  web  sites  to  find 
out  what  the  median  salary  is  for  school  teachers.  He  also  might  seek  the 
advice  of  his  college  advisor  to  determine  if  he  has  the  math  skills  needed 
to  succeed  in  business  administration.  We  know  that  the  way  alternatives 
are  evaluated  is  influenced  by  feelings,  which  in  this  case,  is  perfectly  ratio- 
nal because  the  choice  is  a personal  one,  and  Evan's  feelings  about  the  al- 
ternatives should  be  part  of  the  decision-making  process. 


Table  8.4:  What  Will  I Do  After  Colleqe  That  Will  Lead  to  a Successful  Career? 
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Each  alternative  is  rated  in  a similar  manner  by  thinking  how  well  it  satis- 
fies the  objectives  of  each  consideration.  When  he  completed  weighing  the 
alternatives,  Evan's  worksheet  looked  like  this.  (See  Table  8.4.) 

Calculating  a Decision 

If  you  have  carefully  followed  the  worksheet  procedure  this  far,  you  have 
realized  that  it  requires  numerous  decisions  before  even  coming  close  to 
yielding  the  one  you  want  to  make.  By  now,  Evan  has  decided  what  type 
of  decision  he  is  making  (long-range),  has  listed  all  the  alternatives  and  all 
the  considerations  that  he  believes  to  be  necessary,  and  has  decided  how 
important  each  consideration  is  to  him  and  how  well  each  alternative  satis- 
fies the  objectives  of  each  consideration. 

There  are  three  different  strategies  for  calculating  a decision  at  this  point. 
They  are  overall  assessment,  dimensional  comparison,  and  the  "2/3  Ideal 
Rule."  Each  utilizes  a different  criterion  for  selecting  the  best  decision  from 
a worksheet. 

Overall  Assessment 

An  overall  assessment  of  the  various  weights  is  obtained  by  determining 
how  well  each  alternative  satisfies  the  considerations  taken  as  a whole  or 
overall.  This  is  calculated  by  multiplying  the  weight  previously  assigned  for 
each  consideration  by  the  value  assigned  to  how  well  an  alternative  satisfies 
that  consideration.  For  example,  Evan  has  rated  his  desire  to  help  society  a 
"3"  and  the  department  store  buyer  alternative  a "0"  on  this  consideration. 
The  first  cell  of  the  worksheet  is  3 x 0 = 0.  This  result,  0,  is  placed  in  the 
right-hand  column  under  "department  store  buyer."  Continuing  down  to 
the  next  consideration,  we  see  that  Evan  rated  income  as  "4"  and  the  de- 
partment store  buyer  alternative  ‘‘+1’’  on  income.  Because  4 x 1 = 4,  he 
would  place  a "4"  in  the  right  hand-column  below  department  store  buyer 
and  next  to  "income."  This  procedure  is  repeated  for  each  alternative.  The 
right  hand-column  for  each  alternative  is  then  added  yielding  a total  score 
for  each  alternative.  This  procedure  is  demonstrated  in  Table  8.5. 

Perusal  of  the  worksheet  will  now  show  that  based  on  an  overall  assess- 
ment, the  alternative  with  the  highest  total  score  is  "Teacher — Inner-City 
School."  You  will  also  notice  that  the  alternative  to  become  a department 
store  buyer  obtained  a fairly  high  score  that  was  close  to  a winning  alterna- 
tive. Thus  far,  it  seems  that  Evan  should  seriously  be  thinking  about  a ca- 
reer as  a teacher,  although  his  close  second  is  department  store  buyer. 


Table  8.5:  What  Will  I Do  After  College  That  Will  Lead  to  a Successful  Career? 
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Dimensional  Comparison 

In  a dimensional  comparison  strategy,  each  consideration  (the  "dimen- 
sions") is  examined  to  find  which  alternative  has  the  highest  score.  For 
example,  if  "Desire  to  help  society"  is  examined,  you  will  see  that 
"Teacher — Inner-City  School"  had  the  highest  rating  among  ail  the  other 
alternatives;  therefore,  it  would  "win"  on  this  consideration  and  get  one 
point.  Looking  at  "Income,"  you  will  see  that  both  "Graduate  School — 
Business"  and  "Law  School"  were  assigned  +2  on  this  dimension.  In  the 
event  of  ties,  each  of  the  winning  tied  alternative  is  awarded  one  point.  If 
each  consideration  is  examined  in  a similar  manner,  the  following  number 
of  considerations  won  for  each  alternative  will  result: 


Number  of  Considerations  Won 

Department 
Store  Buyer 

Teacher, 

Inner-City 

School 

Graduate, 

Business 

School 

Law 

School 

Run 

Family 

Lumber 

Business 

Jazz 

Musician 

1 

4 

2 

3 

3 

2 

As  seen  above,  the  alternative  "Teacher,  Inner-City  School"  scored  highest 
among  the  alternatives  on  four  considerations.  Thus,  the  results  of  the  di- 
mensional comparison  strategy  agree  with  the  overall  assessment  results. 
Notice  that  both  "Law  School"  and  "Run  Family  Lumber  Business"  won 
three  considerations  each,  yet  scored  fairly  low  on  the  overall  assessment. 
Several  prominent  researchers  believe  that  this  is  the  best  method  for  mak- 
ing decisions  and  that  weighting  each  consideration  is  unnecessary  (Giger- 
enzer,  2008).  The  method  of  weighting  considerations  is  time  consuming 
and  many  people  will  not  go  to  that  much  work  for  decisions  that  are  not 
critically  important.  For  most  people,  the  longer  methods  shown  here, 
with  various  weighting,  would  only  be  used  for  life's  most  important  deci- 
sions (perhaps  to  choose  between  different  treatments  for  cancer  or  to  de- 
cide whether  to  make  life-changing  decisions).  Even  if  you  never  or  rarely 
use  the  longer  method  of  weighting,  it  is  good  to  know  that  you  can  come 
back  and  use  this  method  if  you  ever  need  or  want  to. 

2/3  Ideal  Rule 

The  "2/3  Ideal  Rule"  was  suggested  by  Carkhuff  (1973).  It  requires  the 
decision-maker  to  calculate  an  overall  assessment  total  for  a perfect  or  ideal 
alternative.  If  an  ideal  alternative  were  added  to  Evan's  worksheet,  it  would 
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rate  +2  on  each  consideration  since  it  would  be  highly  favorable  to  each 
consideration.  A total  overall  score  for  an  ideal  alternative  can  be  arrived  at 
by  adding  all  of  the  consideration  weights  and  multiplying  the  total  by  2 
as  seen  below: 

3+4+2+3+5+1 +3+2+5= 28 

28  X 2 = 56 

The  reasoning  behind  the  "2/3  Ideal  Rule"  is  that  a best  alternative  may  not 
be  good  enough  if  it  fails  to  measure  up  to  2/3  of  an  ideal  solution.  Thus, 
according  to  this  rule,  a minimally  acceptable  alternative  would  score  an 
overall  37.5  (2/3  x 56  = 37.5).  If  you  turn  back  to  the  completed  worksheet, 
you  will  see  that  the  highest  total  was  for  the  teacher  alternative  and  it 
rated,  by  the  overall  assessment  method,  a 20  (considerably  less  than  the 
37.5  required  by  this  rule).  Evan  has  several  choices  at  this  point.  He  can 
disregard  the  "2/3  Ideal  Rule"  (which  is  likely  if  he  is  pleased  with  the  deci- 
sion to  become  a teacher),  or  he  can  expand  and  recycle  the  process  by 
generating  additional  considerations  and  alternatives  until  he  reaches  a 
consensus  with  all  three  calculating  procedures. 

The  "2/3  Ideal  Rule"  is  based  on  the  idea  that  some  alternatives  are  "good 
enough,"  while  others  are  not.  Searching  for  alternatives  that  are  good 
enough  is  called  satisficing  (Schwartz,  Ben-Haim,  & Dasco,  2011;  Simon, 
1956),  which  was  described  in  an  earlier  chapter.  It  refers  to  terminating 
the  decision-making  process  when  an  alternative  that  is  "good  enough"  to 
satisfy  most  of  the  important  considerations  is  found.  The  decision-making 
process  cannot  go  on  forever,  so  at  some  point,  the  decision-maker  will 
have  to  decide  that  one  alternative  is  "good  enough."  The  problem  really 
is  when  to  terminate  the  process,  and  there  are  no  simple  answers  to  this 
question.  Important  decisions  like  the  one  considered  in  this  example 
should  be  given  the  time  and  effort  they  deserve.  Often,  better  decisions 
are  possible  if  the  decision-maker  would  invest  more  time  and  effort  into 
generating  alternatives  and  listing  considerations. 

The  Problem  with  Numbers 

One  problem  in  using  worksheet  procedures  to  make  decisions  is  the  reli- 
ance on  subjective  estimates — estimates  of  the  probability  of  success,  esti- 
mates of  the  importance  of  consideration,  and  estimates  of  the  extent  to 
which  an  alternative  is  favorable  or  unfavorable  for  a consideration.  Al- 
though a large  table  of  numbers  can  look  very  scientific,  the  end  result  is 
only  as  good  as  the  numbers  that  go  into  the  calculations.  Sometimes, 
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small  differences  in  how  you  assess  probabilities  or  values  can  change  the 
outcome.  Most  people  can  only  give  a rough  evaluation  of  how  strong  a 
cost  or  benefit  is  for  a decision  and  find  it  difficult  to  assign  numerical 
values  (Bonnefon,  Dubois,  Fargier,  & Leblois,  2008).  So,  it  is  important  that 
you  think  about  the  worksheet  procedure  as  an  aid  or  "decision  making 
helper,"  not  an  absolute  determinant  of  what  you  do.  It  should  help  you 
to  clarify  your  values,  force  you  to  think  systematically  about  multiple 
variables,  and  aid  in  the  generation  of  additional  possible  alternatives.  Ide- 
ally, the  decision  will  become  clear  as  you  work  on  the  worksheet,  so  that 
it  is  more  of  a process  for  making  a decision  than  an  absolute  determinant 
of  what  you  decide. 

Dilemmas  in  Decision  Making 

The  decision-maker  will  often  encounter  dilemmas  in  calculating  a deci- 
sion. It  is  not  unusual  for  two  or  more  alternatives  to  have  exactly  the  same 
high  score  or  for  one  alternative  to  obtain  the  highest  total  with  the  overall 
assessment  and  a different  one  with  the  dimensional  comparison.  This 
stalemate  can  always  be  remedied  by  generating  additional  considerations 
and  repeating  the  process  until  an  alternative  emerges  as  best.  It  is  also  pos- 
sible to  combine  two  or  more  alternatives.  For  example,  Evan  could  be- 
come a buyer  in  a department  store  and  volunteer  to  tutor  children  on 
weekends.  This  would  allow  him  to  realize  his  desire  to  help  society  while 
maintaining  the  benefits  of  the  buyer  alternative.  Sometimes  the  decision- 
maker will  abandon  the  worksheet  before  it  is  completed  because  the  pro- 
cess helped  to  clarify  the  issues  and  led  directly  to  a decision  without  the 
calculations. 

Certainly,  the  worksheet  procedure  requires  a great  deal  of  work,  as  its  name 
implies.  You  might  be  wondering  if  there  is  any  evidence  to  suggest  that  it 
is  worth  the  extra  effort — that  it  actually  leads  to  better  decisions.  Yes,  there 
is.  Mann  (1972)  randomly  selected  30  high  school  seniors  (15  females  and 
15  males)  from  a college  preparatory  program  to  participate  in  an  experi- 
mental investigation  of  the  worksheet  procedure.  He  taught  them  how  to 
prepare  a worksheet  that  would  help  them  make  decisions  about  college. 
The  procedure  he  used  was  similar  to  the  one  presented  here,  but  not  iden- 
tical to  it.  He  also  employed  a "control  group"  of  20  students  who  were  not 
taught  the  worksheet  procedure.  Mann  contacted  the  students  approxi- 
mately six  weeks  after  they  notified  the  colleges  about  their  decision  con- 
cerning which  college  they  planned  to  attend.  The  group  that  had  received 
worksheet  training  (the  experimental  group)  had  less  post-decision  stress 
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and  anxiety  and  was  happier  about  the  decisions  they  made  than  the  con- 
trol group.  Mann  also  reported  that  they  had  considered  possible  unfavor- 
able consequences  of  their  decision  more  carefully  than  the  control  group. 
Thus,  if  something  does  go  wrong,  they  will  more  likely  be  prepared  for  it 
than  those  in  the  group  without  worksheet  training. 

One  of  the  benefits  of  the  worksheet  procedure  is  that  it  allows  people  to 
feel  more  confident  about  difficult  decisions  and  better  prepared  for 
decision-making  situations  because  they  are  required  to  evaluate  alterna- 
tives in  a systematic  manner. 

Post-Decision  Commitment  and  Evaluation 


To  begin  with  it  was  only  tentatively  that  1 put  forward  the  views  that 
1 have  developed  . . . but  in  the  course  of  time  they  have  gained  such  a 
hold  upon  me  that  1 can  no  longer  think  in  any  other  way." 

— Sigmund  Freud  (1856-1939) 

The  decision-making  process  does  not  end  with  the  decision.  Once  a course 
of  action  has  been  selected,  the  decision-maker  must  make  detailed  plans 
to  carry  it  out  and  needs  to  remain  committed  to  the  decision.  However,  if 
a major  change  occurs  in  the  evaluation  of  the  consideration,  then  the 
process  should  be  repeated.  For  example,  if  Evan  were  unexpectedly  offered 
a lucrative  contract  to  become  a jazz  musician,  he  would  be  wise  to  recon- 
sider this  alternative.  Success  at  this  alternative  would  now  seem  much 
more  likely  and  a large  income  would  be  assured.  Decision  making  is  not  a 
static  process.  Our  major  life  decisions  will  have  to  be  reconsidered  when- 
ever a major  variable  changes. 

Cognitive  Dissonance 

Because  smoking  is  a health-damaging  behavior,  smokers  must  use  dis- 
sonance-reducing strategies  ...  in  order  to  maintain  their  behavior. 

— Julia  Kneer,  Sabine  Clock,  and  Diana  Rieger,  (2012,  p.  81). 

Most  of  the  time,  people  are  pleased  with  their  decisions.  This  finding  has 
been  of  considerable  interest  to  research  psychologists.  Leon  Festinger 
(1964),  a famous  research  psychologist,  proposed  his  theory  of  cognitive 
dissonance  to  explain  this  phenomenon.  It  is  based  on  the  idea  that 
people  like  their  beliefs,  attitudes,  and  actions  to  be  consistent,  and  when 
they  are  not  consistent,  an  unpleasant  internal  state  arises — dissonance. 
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Dissonance  needs  to  be  reduced.  If  you  believe  that  it  is  wrong  to  smoke 
marijuana  and  you  attend  a party  where  you  smoke  marijuana,  you  will 
feel  uncomfortable  because  your  actions  and  beliefs  are  not  in  agreement. 
They  are  not  consistent  with  each  other.  In  order  to  reduce  the  discomfort 
of  cognitive  dissonance,  which  is  an  unpleasant  internal  state,  you  will 
generally  change  your  beliefs  and  conclude  that  you  did  the  right  thing. 

The  theory  of  cognitive  dissonance  only  applies  when  a conscious  decision 
has  been  made.  If  you  were  coerced  in  some  way,  there  would  be  no  dis- 
sonance. Suppose  that  you  were  required  to  write  an  essay  on  some  topic 
that  you  are  opposed  to,  like  the  inferiority  of  a racial  or  ethnic  group,  or 
why  drugs  should  be  available  to  elementary  school  children.  If  you  were 
coerced  into  doing  this,  there  would  be  no  need  to  change  your  attitudes 
to  keep  them  consistent  with  this  behavior.  However,  if  you  voluntarily 
decided  to  write  such  an  essay,  then  cognitive  dissonance  theory  would 
predict  a change  in  your  attitude  toward  the  position  you  took  in  the  essay. 
This  is  a major  theory  in  social  psychology  that  explains  why  people  are 
usually  satisfied  with  the  decisions  they  make.  It  is  easy  to  see  how  it  con- 
tributes to  the  unwarranted  confidence  that  most  people  have  in  their 
decisions. 

Foot-in-the-Door 

Cognitive  dissonance  can  be  used  to  understand  a common  persuasive 
technique  known  as  the  foot-in-the-door.  The  phrase  comes  from  com- 
mon parlance  among  door-to-door  salespeople  who  claimed  that  they 
could  make  a sale  if  only  they  could  get  a “foot-in-the-door" — get  the  per- 
spective customer  to  allow  the  salespeople  to  make  their  sales  pitch.  Re- 
search on  the  use  of  this  technique  shows  that  if  people  agree  to  a small 
request — like  signing  a petition  in  favor  of  safe  driving — later,  they  are 
more  likely  to  agree  to  a larger  request — like  donating  money  to  a safe  driv- 
ing campaign  (Cialdini,  Trost,  & Newsom,  1995).  People  are  more  willing 
to  agree  to  an  inconvenient  or  costly  request  when  it  follows  a smaller  or 
less  costly  request  that  is  consistent  with  the  larger  one.  It  seems  that  many 
people  reason  that  they  must  really  care  about  the  issue  or  topic  because 
they  already  showed  their  support  with  a smaller  action. 

Perspective  Taking 

Perspective-taking  is  an  essential  part  of  interacting  with  the  world;  we 
need  to  be  able  to  see  things  from  others'  perspectives  in  order  to  un- 
derstand them  and  interact  with  them.  . . . Indeed,  so  poorly  trained 
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are  we  at  actually  taking  someone  else's  point  of  view  that  when  we  are 
explicitly  requested  to  do  so,  we  still  proceed  from  an  egocentric  place. 

— Maria  Konnikova  (2011,  paras.  8-9) 

Often,  the  decisions  that  we  make  involve  other  people,  and  often  those 
other  people  want  different  outcomes  than  we  do  and  have  different  values 
from  our  own.  Any  time  you  enter  into  a negotiation  or  politicians  from 
different  parties  attempt  to  pass  legislation,  the  two  parties  have  different 
interests,  it  is  helpful  to  “see"  the  issue  from  the  other  side's  perspective. 
This  skill  could  go  a long  way  toward  reducing  violence  and  hostilities  and 
allowing  what  Fisher,  Ury,  and  Patton  (2011)  call  "Getting  to  yes."  Also, 
successful  negotiations  depend  on  getting  the  other  side  to  make  decisions 
that  you  want.  Several  studies  have  documented  the  advantages  of  taking 
the  perspective  of  the  other  side  when  at  the  bargaining  table:  "perspective 
taking  increased  individuals'  ability  to  discover  hidden  agreements  and  to 
both  create  and  claim  resources"  that  led  to  better  decisions  (Galinsky, 
Maddux,  Gilin,  & White,  2008).  The  best  way  to  get  to  that  position  is  to 
understand  what  is  important  to  the  other  side — it  may  be  money,  but  it 
could  also  be  time,  prestige,  or  something  that  has  sentimental  value. 

Hindsight  and  Forethought 

Hindsight  can  sometimes  see  the  past  clearly — with  20/20  vision. 

— 9/11  Commission,  2004,  cited  in  Bernstein,  Erdfelder, 
Meltzoff,  Peria,  & Loftus,  2011,  p.  3,788) 

The  term  hindsight  was  discussed  in  earlier  chapters.  After  a decision  has 
been  made  and  the  relevant  events  occur,  well  meaning  friends  will  often 
tell  you  they  could  have  predicted  the  consequences  of  your  decision,  if 
you  have  ever  been  divorced  (or  have  exchanged  confidences  with  some- 
one who  has),  there  were  probably  several  acquaintances  who  claimed  to 
have  known  all  along  that,  "he  (or  she)  was  no  good  for  you."  Events  ap- 
pear different  with  the  benefit  of  hindsight.  Forethought  is  the  opposite  of 
hindsight.  There  should  be  fewer  unfortunate  consequences  if  decisions  are 
carefully  thought  out  before  they  are  made. 

in  experimental  investigations  of  hindsight,  most  participants  erroneously 
believed  that  they  could  have  predicted  the  consequences  of  historical  and 
personal  decisions  before  they  occurred,  in  our  earlier  analysis  of  the  Pearl 
Harbor  disaster,  it  seemed  obvious  that  the  only  possible  decision  was  to 
assume  that  the  aircraft  belonged  to  the  Japanese,  it  should  be  remembered 
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that  we  analyzed  the  disaster  with  the  full  knowledge  of  the  ensuing  events. 
Hindsight  occurs  only  when  poor  or  wrong  decisions  have  been  made,  it  is 
seldom  that  good  decisions  are  analyzed  after  the  fact.  Forethought  and 
hindsight  are  qualitatively  different.  At  the  time  of  the  decision  (fore- 
thought) there  is  doubt  and  deliberation,  but  following  the  unfavorable 
consequences  of  the  decision  (hindsight)  there  is  often  a great  sense  of 
certainty  that  the  future  should  have  been  predicted  more  accurately. 

Hindsight  is  of  little  value  in  the  decision-making  process,  it  distorts  our 
memory  for  events  that  occurred  at  the  time  of  the  decision  so  that  the 
actual  consequence  seems  to  have  been  a "forgone  conclusion."  Thus,  it 
may  be  difficult  to  learn  from  our  mistakes.  Retrospective  (after  the  fact) 
review,  on  the  other  hand,  can  be  a valuable  aid  in  improving  future  deci- 
sions. Unlike  hindsight,  it  does  not  involve  a faulty  reconstruction  of  the 
information  available  at  the  time  of  the  decision  so  that  the  consequence 
appears  obvious. 

Chapter  Summary 


• Decision  making  is  an  active  process  that  begins  with  a clear  defini- 
tion of  the  decision  and  a set  of  alternative  solutions  from  which 
to  choose. 

• One  way  to  improve  on  the  way  in  which  decisions  are  made  is  to 
frame  the  decision  in  several  ways.  Additional  alternatives  can 
emerge  by  changing  the  focus  of  what  is  being  decided  on. 

• Few  people  ever  receive  formal  instruction  in  thinking  skills,  and 
even  trained  professionals  commit  common  decision-making  falla- 
cies. Research  has  shown  that  with  training,  people  make  better 
decisions. 

• A common  error  in  decision  making  is  the  failure  to  seek  discon- 
firming  evidence.  Confirmation  bias  is  a persistent  problem  when 
people  make  decisions. 

• One  problem  with  group  decision  making  is  that  groups  tend  to  be 
overconfident  in  collective  decisions,  which  causes  them  to  disre- 
gard information  that  suggests  that  other  decisions  may  be  better. 

• People  often  rely  on  heuristics  or  "rules  of  thumb"  to  help  them 
make  decisions.  The  availability  heuristic  or  reliance  on  events  that 
are  readily  recalled  is  a common  decision-making  heuristic.  When 
time  is  limited  or  the  decision  does  not  merit  a large  investment  of 
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time  or  effort,  there  are  many  heuristics  (thinking  shortcuts)  that 
often  work  quite  well. 

• Because  of  the  widespread  but  erroneous  belief  that  the  laws  of 
chance  are  self-correcting,  many  people  believe  that  "random- 
looking" sequences  of  outcomes  are  more  probable  outcomes  of  a 
random  process  than  orderly  sequences  of  outcomes. 

• Unwarranted  optimism  can  also  lead  to  poor  decisions  because  it 
prevents  realistic  assessment  of  both  desirable  and  undesirable  con- 
sequences of  a decision. 

• People  often  fall  prey  to  entrapment.  They  find  it  difficult  to  re- 
verse their  decision  after  having  invested  large  amounts  of  time  or 
money. 

• Decisions  are  often  biased  by  emotional  states  like  psychological 
reactance  (the  resistance  to  a loss  of  freedom),  mood,  and  liking 
induced  by  reciprocity  and  familiarity. 

• There  are  unconscious  influences  on  how  we  decide.  The  best  we 
can  do  to  guard  against  their  influence  is  to  be  mindful  and  con- 
sider how  other  influences  may  be  affecting  the  decisions  people 
make. 

• The  way  a situation  is  crafted  can  "nudge"  people  to  make  certain 
decisions.  Across  a wide  variety  of  topics,  most  people  select  the 
default  option  instead  of  taking  action. 

• Risky  decisions  require  special  care.  There  is  often  a tendency  to 
downplay  the  likelihood  of  a disastrous  outcome. 

• When  the  alternatives  vary  along  several  dimensions,  decisions  are 
sometimes  made  by  eliminating  alternatives  until  only  one  or  two 
choices  remain. 

• Important  decisions  can  be  optimized  by  preparing  a worksheet  in 
which  alternatives  and  considerations  are  listed  and  weighed  in  a 
table  format. 

• People  are  most  often  satisfied  with  the  decisions  that  they  make, 
possibly  because  cognitive  dissonance  works  to  maintain  consis- 
tency between  actions  and  beliefs,  and  because  they  cannot  think 
of  any  reason  why  they  might  be  wrong.  Thus,  we  reason  that  if  we 
decided  on  a course  of  action,  it  must  have  been  the  best  one. 

• After  the  consequences  of  a decision  have  occurred,  there  is  a great 
sense  of  certainty  that  the  consequences  should  have  been  obvious. 
Hindsight  is  a ubiquitous  phenomenon  that  distorts  how  we 
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perceive  the  information  that  was  available  before  the  decision 
was  made. 

• There  is  an  important  distinction  between  a good  decision  that  is 
based  on  the  information  that  is  available  when  the  decision  is 
being  made  and  its  outcomes.  Sometimes,  good  decisions  will  have 
undesirable  outcomes  because  of  the  inherent  uncertainty  in  most 
important  decisions. 

The  following  skills  for  making  decisions  were  presented  in  this  chapter. 
Review  each  skill  and  be  sure  that  you  understand  how  and  when  to  use 
each  one: 

• listing  alternatives  and  considering  the  cost  and  benefits  of  each 

• reframing  the  decision  so  as  to  consider  different  types  of 
alternatives 

• recognizing  the  need  to  seek  disconfirming  evidence  and  deliber- 
ately seeking  disconfirming  evidence 

• understanding  the  way  that  information  that  is  readily  recalled  or 
information  that  appears  representative  of  a random  process  can 
influence  how  decisions  are  made 

• considering  how  overly  optimistic  assessments  bias  the  selection  of 
alternatives 

• recognizing  arguments  that  are  based  on  entrapment  and  consider- 
ing why  the  costs  have  been  high 

• being  mindful  of  the  way  liking  and  other  emotional  states  can  af- 
fect the  evaluation  of  alternatives 

• evaluating  positive  assessments  of  alternatives  that  are  based  on 
reciprocity  or  familiarity 

• seeking  information  to  reduce  uncertainty  when  making  risky 
decisions 

• preparing  a decision-making  worksheet  for  important  decisions 

• understanding  the  distinction  between  the  quality  of  a decision 
and  its  outcome 

• understanding  the  way  emotional  states  like  reactance  and  anger 
can  affect  the  way  we  evaluate  alternatives  and  behaving  in  ways 
that  minimize  their  effects 

• recognizing  that  hindsight  analysis  of  a decision  is  usually  biased 
and  of  limited  value. 
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Terms  to  Know 


Check  your  understanding  of  the  concepts  presented  in  this  chapter  by 

reviewing  their  definitions.  If  you  find  that  you  are  having  difficulty  with 

any  term,  be  sure  to  reread  the  section  in  which  it  is  discussed. 

Subjective  Utility.  The  value  of  a choice  to  an  individual  who  is  a making  a 
decision. 

Overconfidence.  An  unwarranted  confidence  in  the  quality  of  decisions  that  are 
being  made. 

Group  Think.  The  illusion  of  being  invulnerable  as  part  of  a group;  this  illusion 
results  from  the  pressures  for  unanimous  decisions  and  the  need  to  squash  dis- 
sent to  maintain  group  solidarity. 

Heuristic.  A general  "rule  of  thumb"  or  strategy  that  we  use  to  solve  problems 
and  make  decisions.  Although  it  does  not  always  produce  a correct  answer,  it 
is  usually  a helpful  aid.  Compare  with  algorithm. 

Algorithm.  A problem-solving  or  decision-making  procedure  that  will  always 
yield  the  solution  to  a particular  problem  if  it  is  followed  exactly.  Compare 
with  heuristic. 

Availability  Heuristic.  A decision-making  "rule  of  thumb"  that  is  used  when 
estimates  of  frequency  or  probability  are  made  based  on  the  ease  with  which 
instances  come  to  mind;  for  example,  many  college  students  believe  that  there 
are  more  professors  in  America  than  farmers  because  they  can  think  of  more 
professors  whom  they  know  than  farmers. 

Recognition  Heuristic.  When  the  level  of  knowledge  is  low,  people  decide  that 
towns,  teams,  or  people  whose  names  they  recognize  are  more  likely  to  have 
positive  outcomes  than  ones  they  have  never  heard  of. 

Representativeness  Heuristic.  A decision-making  "rule  of  thumb"  in  which 
the  determination  of  a sample's  likelihood  is  made  by  noting  its  similarity  to  a 
random  process.  If  it  "looks  like"  a random  process,  it  is  judged  to  be  more 
probable  than  if  it  appears  orderly  or  patterned. 

Wishful  Thinking.  People  tend  to  overestimate  their  chances  of  success  or  the 
likelihood  of  a desirable  outcome. 

Entrapment.  A situation  in  which  an  individual  has  already  invested  much 
money,  time,  or  effort  and,  therefore,  decides  to  continue  in  this  situation  be- 
cause of  the  money,  time,  or  effort  that  has  already  been  invested. 

Sunk  Cost.  Thinking  error  that  occurs  when  people  make  decisions  based  on  their 
prior  investments  instead  of  the  value  of  additional  resources  (e.g.,  you  already 
spent  time  or  money  on  something — that  investment  is  gone).  Decisions 
should  be  based  on  future  costs  (e.g.,  is  it  worth  more  time  or  money?). 

Psychological  Reactance.  Resistance  arising  from  restrictions  of  freedom.  Some 
people  will  select  a less  preferred  alternative  if  they  are  told  that  they  must  se- 
lect the  preferred  alternative. 

Mere  Exposure  Effect.  Very  often,  repeated  exposure  to  a stimulus  will  enhance 
your  liking  for  it. 

Mindlessness.  Making  decisions  with  little  or  no  conscious  effort. 

Cognitive  Nudge.  When  information  is  arranged  in  a way  that  makes  some  deci- 
sions more  likely  than  others. 
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Biased  Discounting.  Predilection  to  discount  or  reduce  the  magnitude  or  prob- 
ability of  risk. 

Elimination  by  Aspects.  A decision-making  strategy  in  which  choices  are  se- 
quentially eliminated  if  they  fail  to  meet  one  or  more  considerations. 

Optimization.  Making  the  best  possible  decision  in  any  situation. 

Overall  Assessment.  A method  of  calculating  a decision  from  a worksheet.  The 
alternative  with  the  highest  worksheet  total  would  be  selected.  Compare  with 
dimensional  comparison  and  "2/3  Ideal  Rule." 

Dimensional  Comparison.  A method  for  calculating  a decision  from  a work- 
sheet. The  alternative  that  has  "won"  the  greatest  number  of  considerations 
would  be  selected.  Compare  with  overall  assessment  and  "2/3  Ideal  Rule." 

"2/3  Ideal  Rnle."  A method  for  calculating  a decision  from  a worksheet.  Only 
alternatives  whose  worksheet  totals  are  at  least  2/3  as  large  as  the  ideal  choice 
would  be  chosen.  Compare  with  dimensional  comparison  and  overall 
assessment. 

Satisficing.  Terminating  the  decision-making  process  when  an  alternative  that  is 
"good  enough"  to  satisfy  most  of  the  important  considerations  is  found. 

Cognitive  Dissonance.  A theory  based  on  the  notion  that  people  want  their 
beliefs,  attitudes,  and  actions  to  be  consistent.  When  they  are  not  consistent, 
an  unpleasant  internal  state  arises — dissonance — which  needs  to  be  reduced. 
We  reduce  dissonance  by  changing  our  beliefs  and  attitudes  so  that  they  are  in 
accord  with  our  actions. 

Foot-in-the-Door.  A two-stage  persuasive  technique.  People  are  more  likely  to 
comply  with  a large  request  if  they  first  comply  with  a smaller  but  related 
request. 

Perspective  Taking.  "Seeing"  what  the  other  side  desires  and  understanding 
what  is  important  to  the  other  side  when  negotiating. 

Hindsight.  Reevaluation  of  a decision  after  it  has  been  made  and  its  conse- 
quences have  occurred,  with  the  belief  that  the  consequences  should  have  been 
known  before  the  decision  was  made. 
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Chapter  Summary 
Terms  to  Know 


The  Monty  Hall  Problem  was  inspired  by  the  game  show  Let's  Make  a 
Deal.  It  is  your  lucky  day,  and  you  are  called  on  stage  (probably  wearing 
a silly  costume,  after  all  this  is  television)  to  play  a game.  In  this  game, 
there  are  three  closed  doors.  A goat  is  behind  two  of  the  doors  (not  a 
great  prize)  and  a new  car  is  behind  one  door.  You  pick  a door.  At  this 
point  all  doors  are  equally  likely  to  be  hiding  the  car.  To  make  the  game 
even  more  exciting,  the  game  show  host  (who  knows  which  door  is 
hiding  the  car)  opens  one  of  the  doors  that  you  did  not  pick.  You  hear 
"Bahhhh,"  which  is  supposed  to  be  the  sound  that  goats  make,  and  see 
(and  smell)  a goat.  Now  you  have  another  choice.  You  may  either  stay 
with  the  door  you  originally  picked  or  change  to  the  other  door  that  is 
still  closed.  Do  you  stay  with  your  original  choice  or  switch  doors? 

This  is  a difficult  problem,  which  is  probably  why  it  is  so  popular.  If  you  are 
thinking  as  most  people  do,  it  should  not  matter  whether  you  stay  with  the 
door  you  selected  or  switch  because  each  door  had  a 1/3  chance  of  hiding  the 
car.  This  was  tme  when  you  first  selected  a door,  but  the  probabilities  changed 
after  that  selection.  Once  you  pick  a door,  the  probability  is  1/3  that  the  car 
is  behind  the  one  you  selected  and  2/3  that  it  is  behind  the  doors  you  did  not 
select.  When  a goat  is  revealed  behind  a door  you  did  not  select,  the  probabil- 
ity is  still  2/3  that  the  car  is  behind  a door  you  did  not  select,  so  you  are  more 
likely  to  win  a car  if  you  switch  to  the  closed  door  you  did  not  select.  Still  not 
sure  about  this  problem?  You  can  play  this  game  repeatedly  and  see  the  prob- 
ability of  winning  car  when  you  stay  with  your  original  door  (1/3)  or  switch 
to  the  unopened  door  you  did  not  select  (2/3).  A computerized  version  of  this 
game  appeared  in  The  New  York  Times  online  interactive  feature.  Try  it  at 
http://www.nytimes.eom/2008/04/08/science/08monty.html 

What  is  a Problem? 


Even  now  there  are  few  schools  that  encourage  the  young  or  old  to  think 
out  questions  for  themselves.  And  yet,  life  is  a continuous  problem  for 
the  living,  and  first  of  all  we  should  be  equipped  to  think,  if  possible. 


Clarence  Darrow  (1932,  p.  25) 
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Everyone  has  problems,  so  it  would  seem  that  it  would  be  an  easy  word  to 
define.  We  all  know  a problem  when  we  see  one,  but  how  would  you  define 
the  general  term  "problem?"  Psychologists  think  of  a problem  as  a gap  or 
barrier  between  where  you  are  and  where  you  want  to  be.  You  have  a prob- 
lem if  you  cannot  think  of  a way  of  getting  around  the  gap  or  barrier  so 
that  you  can  reach  the  place  you  want  to  be.  This  definition  of  a problem 
is  graphically  represented  in  Figure  9.1.  As  you  will  see  later  in  this  chapter, 
the  way  a problem  is  represented  can  influence  how  or  whether  you  can 
solve  it.  Be  sure  that  you  understand  the  way  the  word  "problem"  is  visu- 
ally defined  in  Figure  9.1. 


X 

Y 

You  are  here 

You  want  to  be  here 

There  is  a gap  or  barrier  separating  you  from  where  you  want  to  be.  This  is  a problem. 

Figure  9.1  A visual  representation  of  a "problem."  To  solve  the  problem,  you  need  to 
find  a way  to  get  over  the  gap  or  around  the  barrier  that  is  keeping  you  from  the  place 
(or  state)  where  you  want  to  be. 


Decision  making,  problem  solving,  and  creativity  are  related  concepts,  with 
considerable  overlap.  As  described  in  the  last  chapter,  decision  making  usu- 
ally refers  to  those  "problems"  where  you  have  multiple  options  from 
which  to  select  a solution — the  task  is  selecting  the  best  option  (or  one  that 
is  good  enough),  in  problem  solving,  you  need  to  generate  the  options 
because  no  (good)  options  are  readily  available.  When  thinking  creatively, 
the  options  you  generate  are  novel  and  also  provide  a good  solution.  The 
boundaries  between  these  terms  are  fuzzy  and  may  be  best  thought  of  as  a 
continuum  with  considerable  overlap  rather  than  distinct  categories. 

Problem  solving  is  a "hot"  topic.  Perhaps  its  current  popularity  is  caused  by 
the  overwhelming  number  of  new  types  of  problems  that  we  are  faced 
with — ones  that  did  not  exist  a generation  ago,  such  as  an  overwhelming 
number  of  types  of  technology  that  often  do  not  work  as  intended  (this  is 
overwhelming  for  me),  cyber  bullying,  the  digital  divide  (the  poor  have  less 
access  to  information  than  the  middle  class),  global  warming  (few  of  us 
believed  it  was  a real  problem  a generation  ago),  accidents  at  nuclear  power 
plants — and  problems  that  have  been  with  us  a long  time  but  still  need 
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solutions,  such  as  poverty,  war,  prejudice,  hunger,  loneliness,  and  many 
more.  Because  so  much  of  what  we  really  care  about  are  problems,  some 
schools  are  altering  their  curriculum  to  make  it  problem-based.  The  idea 
behind  problem-based  learning  is  that  students  would  learn  better  if 
they  were  engaged  in  real-life  problem  solving.  A veterinary  school  that 
uses  problem-based  learning,  for  example,  might  start  all  students  on  their 
first  day  of  class  with  a visit  to  a horse  with  a swollen  stomach.  Students 
would  be  given  some  facts  relevant  (or  irrelevant)  to  the  horse's  condition 
and  then  told  to  solve  the  problem — make  a diagnosis  and  suggest  a treat- 
ment. Students  would  need  to  scramble  to  the  library  and  other  places 
where  they  could  find  relevant  information,  check  their  hypotheses  with 
the  actual  state  of  the  horse  (did  he  stop  eating;  does  he  appear  to  be  in 
pain),  and  return  to  class  with  their  diagnosis  and  treatment  plans.  The 
class  and  professor  would  discuss  the  various  solutions,  and  in  this  way,  the 
students  would  learn  about  the  disease  and  how  to  treat  it.  These  sorts  of 
learning  assignments  are  engaging,  but  the  problems  have  to  be  selected 
systematically,  so  that  the  students  learn  all  of  the  topics  they  will  need  to 
know  by  graduation.  The  jury  is  still  out  on  the  effectiveness  of  problem- 
based  learning  (Hung,  2011).  Some  argue  that  the  memory  load  is  too  high 
for  students  who  lack  the  background  to  solve  difficult  problems  (Kirschner, 
Sweller,  & Clark,  2006).  To  be  successful,  students  enrolled  in  a problem- 
based  curriculum  need  a knowledgeable  tutor  who  can  help  them  when 
they  get  stuck  on  a problem  and  assess  their  knowledge  as  they  move 
through  the  program  to  ensure  that  they  are  making  adequate  progress 
toward  the  knowledge  and  skills  they  will  need. 


Anatomy  of  a Problem 


Finding  the  right  answer  is  important,  of  course.  But  more  important 
is  developing  the  ability  to  see  that  problems  have  multiple  solutions, 
that  getting  from  X to  Y demands  basic  skills  and  mental  agility,  imagi- 
nation, persistence,  patience. 

— Mary  Hatwood  Futrell,  President,  NBA  (cited  in  Heiman  & 

Slomianko,  1986,  p.  18) 

Consider  this  more  mundane  problem  that  differs  in  several  important 
ways  from  the  pick-the-door-that-hides-a-car  problem  presented  at  the 
start  of  this  chapter  or  the  horse  with  a swollen  stomach:  Keith  has  to  catch 
a 9:00  A.M.  plane  for  Philadelphia,  and  he  is  already  behind  schedule.  The 
quickest  route  to  the  airport  is  the  freeway,  except  when  the  traffic  is  heavy. 
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The  traffic  is  almost  always  heavy  with  commuters  during  the  morning 
rush  hour.  There  is  a back  road  route  that  might  be  a good  one,  if  the  road 
along  the  river  is  not  flooded.  The  road  is  frequently  closed  because  of 
flooding  after  heavy  rains.  As  you  can  probably  guess,  it  rained  last  night. 
The  surface  street  route  is  the  longest.  If  Keith  chooses  this  route,  he  may 
miss  his  plane.  Of  course,  if  he  spends  too  much  time  pondering  this  prob- 
lem, he  will  surely  miss  his  plane.  Which  route  should  he  take? 

To  understand  any  complex  phenomenon,  like  problem  solving,  we  need 
a model  or  theoretical  framework  that  we  can  use  to  study  and  understand 
how  people  solve  all  sorts  of  problems.  A model  is  an  “as,  if"  statement. 
This  means  that  we  will  examine  the  phenomenon  that  we  want  to  know 
about  "as  if"  it  were  something  else.  Theoretical  models  of  this  sort  are  use- 
ful for  organizing  what  we  know  about  thinking  and  for  suggesting  new 
types  of  research  and  ways  to  improve  the  process  we  are  trying  to 
understand. 

In  their  classic  book,  Newell  and  Simon  (1972)  conceptualized  all  problems 
as  being  composed  of  the  same  basic  parts  or  structures.  Their  idea  is  that 
problems  can  be  understood  by  reducing  them  to  their  anatomical  parts. 
According  to  this  view,  the  anatomy  of  a problem  can  be  thought  of  as 
having  a starting  or  initial  state  (Keith's  home)  and  a final  or  goal  state  (the 
airport).  All  of  the  possible  solution  paths  from  the  initial  state  to  the 
goal  state  comprise  the  problem  space.  In  solving  a problem,  people 
search  through  the  problem  space  to  find  the  best  path  from  the  initial 
state  to  the  goal;  that  is,  they  consider  all  of  the  alternatives  that  would 
lead  to  the  goal  and  select  the  best  one.  Or,  if  they  cannot  initially  find  any 
way  to  get  from  the  start  to  the  goal  state,  they  generate  possible  solution 
paths. 

In  addition  to  an  initial  state,  a goal  state,  and  the  paths  connecting  them, 
there  are  givens:  information  and  rules  that  place  constraints  on  the  prob- 
lem. The  givens  include  the  knowledge  needed  to  reach  the  goal.  This  in- 
formation can  be  explicitly  stated  or  implicitly  assumed.  Two  implicit 
givens  in  the  problem  presented  earlier  were  the  knowledge  that  Keith 
would  drive  a car  to  the  airport  and  that  he  would  either  take  the  freeway 
route,  back-road  route,  or  surface-street  route.  This  anatomy  or  framework 
for  conceptualizing  problems  has  proven  useful  in  understanding  the  pro- 
cess of  problem  solving.  The  anatomy  of  the  airport  problem  is  schemati- 
cally shown  in  Figure  9.2.  We  return  to  the  airport  problem  later  in  the 
chapter  as  different  problem-solving  strategies  are  considered. 
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Figure  9.2  The  anatomy  of  the  airport  problem.  Givens:  Keith  will  drive  to  the  airport. 
He  will  take  one  of  these  routes.  He  must  take  the  fastest  route. 


Problems  differ  in  many  ways,  including  difficulty  and  where  in  the  prob- 
lem space  the  gap  occurs,  in  the  airport  problem,  the  difficulty  lies  in 
choosing  the  path  (route)  that  would  get  Keith  to  the  goal  in  the  shortest 
time. 

Consider  Rubik's  cube  as  a difficult  problem.  The  goal  for  a Rubik's  cube 
is  to  align  each  small  colored  square  so  that  each  of  the  six  sides  of  the 
cube  will  be  a uniform  color.  This  is  a prohibitive  problem  because  there 
are  millions  of  combinations  of  possible  moves  (paths  to  the  goal).  The 
"trick"  is  to  determine  which  combination  of  moves  will  lead  to  the  goal, 
in  this  sort  of  problem,  the  difficulty  lies  in  reducing  the  number  of  pos- 
sible paths  so  that  only  potentially  correct  ones  will  be  chosen.  Newell 
and  Simon  (1972)  calculated  that  the  average  40-move  chess  game  has 
10'^“  paths.  This  number  is  so  large  that  it  is  almost  impossible  for  most  of 
us  to  imagine!  Perhaps  this  is  why  we  view  great  chess  masters  with  such 
awe.  They  have  the  knowledge  to  avoid  blind  paths  (bad  moves)  that  will 
not  lead  to  the  goal  (winning)  and  to  select  the  best  combination  of 
moves. 

Situation  Awareness 

Most  real-life  problems  occur  in  a context,  where  a single  occurrence  or 
sequence  of  events  creates  a problem,  sometimes  called  a situation  to 
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denote  that  it  is  different  from  the  sort  of  problem  you  might  be  assigned 
in  a math  or  physics  class  that  does  not  occur  naturally.  Contemporary 
theories  of  problem  solving  consider  how  people  gather  and  use  informa- 
tion to  handle  a situation  and  implement  actions  to  solve  the  problems 
they  raise.  Consider  this  situation  posed  by  Wiig  (2003).  Suppose  you  are  a 
customer  service  manager,  and  an  important  customer  returns  a high- 
technology  piece  of  equipment  because  it  is  not  working  correctly.  You 
need  to  make  sense  out  of  this  situation — being  sure  that  your  understand- 
ing of  what  is  happening  matches  reality.  You  recognize  that  there  is  a 
problem  with  the  technology  and  then  have  to  decide  what  to  do  about  it. 
A guiding  principle  in  your  decision  is  that  your  company  is  committed  to 
being  a leader  in  your  industry,  which  means  that  you  offer  high-quality 
products  and  service.  You  can  think  of  this  guiding  principle  as  the  "giv- 
ens" in  this  problem — it  is  the  rule  under  which  the  problem  is  solved.  In 
Wiig's  example,  you  decide  that  the  technical  problems  are  serious,  and  it 
follows  that  your  company  needs  to  redesign  the  product.  This  is  shown 
graphically  in  Figure  9.3. 


Figure  9.3  A model  of  problem  solving  in  which  the  "problem"  occurs  in  a context 
where  the  problem-solver  needs  to  recognize  a "situation"  that  needs  action  and  bases 
that  action  on  a series  of  steps  in  which  she  makes  sense  out  of  the  situation,  decides 
what  action  to  take  based  on  guiding  principles,  and  then  implements  the  action. 
Figure  from  Wiig,  K.  M.  (2003).  journal  of  Knowledge  Management,  Vol.  7,  No.  5 (2003), 
pp.  6-24,  Knowledge  Research  Institute,  www.krii.com. 
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Stages  in  Problem  Solving 


The  aim  of  heuristics  is  to  study  the  methods  and  rules  of  discovery  and 
invention  . . . Heuristic,  as  an  adjective,  means  'serving  to  discover.'" 

— George  Polya  (1945,  pp.  112-113) 

In  1926,  Graham  Wallas  examined  anecdotal  accounts  of  creative  scientists 
and  concluded  that  problem  solving  progresses  in  a series  of  stages.  Al- 
though there  is  disagreement  among  psychologists  as  to  whether  all  prob- 
lem solving  is  done  in  qualitatively  different  stages,  a brief  review  of  the 
hypothesized  stages  may  prove  useful  to  problem-solvers. 

The  first  stage  is  preparation  or  familiarization.  This  includes  the  time 
spent  in  understanding  the  nature  of  the  problem,  the  desired  goal,  and 
the  givens.  This  is  a crucial  part  in  problem  solving  because  a correct  solu- 
tion cannot  be  generated  without  an  adequate  understanding  of  the  prob- 
lem. This  roughly  corresponds  to  recognizing  the  situation  and  sense-making 
in  the  Situation  Awareness  Model.  The  second  stage  is  the  production 
stage.  During  this  stage,  the  problem-solver  produces  the  solution  paths 
that  define  the  problem  space.  This  phase  corresponds  to  decision  making/ 
problem  solving  and  implementation  in  the  Situation  Awareness  Model. 
Judgment  or  evaluation  is  the  third  stage.  During  this  stage,  individuals 
evaluate  the  solution  paths  in  order  to  select  the  best  one.  This  is  similar  to 
monitoring  in  the  Situation  Awareness  Model.  The  fourth  stage  is  a strange 
one  that  may  or  may  not  occur,  depending  on  the  problem.  Sometimes 
when  we  cannot  find  a solution  path,  we  stop  working  on  the  problem,  at 
least  for  a short  while.  The  period  when  we  are  not  actively  considering  the 
problem  is  called  the  incubation  stage.  There  are  many  reports  from 
famous  scientists  that  a solution  came  to  them  during  the  incubation 
phase — seemingly  "out  of  the  blue."  Because  of  the  fascination  incubation 
holds  for  most  people,  it  deserves  separate  consideration. 

Incubation 

Have  you  ever  had  the  experience  of  working  unsuccessfully  on  a problem, 
then  having  the  solution  come  to  you  sometime  later  when  you  were  not 
consciously  thinking  about  it?  If  so,  then  you  have  experienced  incubation 
effects  first-hand.  The  term  "incubation"  suggests  a mother  hen  sitting  on 
great  ideas  that  are  about  to  hatch. 

Incubation  is  a poorly  understood  phenomenon.  If  your  employer  found 
you  sitting  with  your  feet  propped  on  your  desk,  gazing  out  the  window. 
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he  probably  would  not  be  pleased  to  learn  that  you  were  "incubating"  on 
company  time.  A familiar  experience  is  having  a correct  answer  come  to 
you  immediately  after  turning  in  an  exam  or  paper.  This  is  most  likely  the 
result  of  incubation,  it  is  a good  idea  to  work  well  ahead  of  deadlines  to 
allow  ample  time  for  incubation  effects  to  occur.  We  do  not  know  how 
people  are  able  to  produce  solutions  during  "time-outs."  The  sudden  real- 
ization that  you  have  found  a solution  is  called  insight,  it  is  the  AHA! 
experience  when  a problem  is  suddenly  solved.  There  is  no  evidence  that 
people  continue  to  work  on  the  problem  at  an  unconscious  level,  although 
some  people  have  suggested  that  this  is  how  incubation  occurs.  Most  likely, 
the  time-out  period  serves  to  dissipate  fatigue  and  allow  individuals  to  get 
out  of  sets  or  ruts  in  their  thinking  processes  so  that  they  can  view  the 
problem  from  a different  perspective. 


Herbert  A.  Simon  (1977),  the  Nobel  Prize-winning  psychologist,  has  at- 
tempted to  explain  incubation  as  due,  in  part,  to  selective  forgetting.  He  sug- 
gested that  when  we  are  working  on  a problem,  we  rely  on  a relatively  small 
number  of  concepts  held  in  a limited  capacity  short-term  or  working  memory. 
(See  the  chapter  on  memory  for  a detailed  discussion  of  this  concept.)  When 
we  are  not  working  on  a problem,  the  information  held  in  short-term  mem- 
ory is  quickly  forgotten,  if  this  information  was  not  productive  for  discovering 
a solution,  then  having  forgotten  it  will  be  beneficial  to  finding  a good  solu- 
tion. A review  of  the  research  literature  found  that  people  really  do  benefit 
from  taking  time  out  when  solving  problems  (Sio  & Ormerod,  2009).  it  is  a 
good  idea  to  put  aside  a problem  that  you  are  having  difficulty  solving  and 
return  to  it  at  a later  time.  This  is  especially  good  advice  during  an  exam  when 
you  can  skip  a difficult  problem  and  move  on  to  solve  other  ones  that  are 
easier.  At  least  you  will  be  sure  of  getting  credit  for  the  easier  problems,  but 
watch  your  time  limits  carefully  so  that  you  can  correctly  finish  as  many  prob- 
lems as  possible  in  the  allotted  time.  (Of  course,  it  is  also  a good  idea  to  work 
on  the  problems  worth  the  most  points  first  to  maximize  your  exam  score.) 


Luann  by  Greg  Evans.  Used  with  permission  by  King  Features. 
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Persistence 

I have  a bias,  which  leads  me  to  believe  that  no  problem  of  human  rela- 
tions is  ever  insolvable. 

— Ralph  Bunche  (quoted  in  Beilensen  & Jackson,  1992,  p.  31) 


Although  persistence  does  not  usually  appear  as  a stage  in  problem  solving, 
it  is  probably  the  most  important  variable  in  determining  success.  An  indi- 
vidual who  persists  at  a problem  is  much  more  likely  to  solve  it  than  an 
individual  who  gives  up.  Persistence  is  close  to  Levine's  (1994)  idea  of  "in- 
timate engagement"  (p.  3),  the  willingness  to  work  on  a problem  in  an 
involved  and  concentrated  way.  For  example,  suppose  that  you  are  given  a 
problem  to  solve  in  mathematics.  It  should  be  obvious  that  if  you  give  up 
as  soon  as  you  find  that  the  solution  is  not  immediately  apparent,  you  will 
not  perform  as  well  in  solving  the  problem  as  someone  who  continues  to 
work  on  it.  Although,  if  you  are  thinking  that  a short  time-out  to  allow  for 
incubation  might  work,  you  are  already  getting  the  idea  that  you  increase 
the  probability  of  solving  difficult  problems  by  applying  the  concepts  pre- 
sented in  this  chapter. 

Grit,  which  is  defined  as  "perseverance  and  passion  for  long-term  goals" 
(Duckworth,  Peterson,  Matthews,  & Kelly,  2007)  is  critical  for  success  in 
many  fields.  Gritty  people  stay  on  course  despite  the  inevitable  failures, 
disappointments,  and  boredom.  It  is  a trait  found  in  high-achieving  indi- 
viduals, ranging  from  world-class  athletes,  spelling  bee  champions,  invest- 
ment bankers,  and  successful  students.  In  a series  of  studies,  Duckworth 
and  her  colleagues  found  that  grit  is  an  important  predictor  of  success — at 
least  as  important  as  intelligence.  We  all  face  problems  of  various  sorts, 
ranging  from  the  personal  to  global.  Success  at  any  difficult  task  will  re- 
quire hard  work  and  persistence,  even  in  the  face  of  set-backs. 

Heller,  Saltzstein,  and  Caspe  (1992)  compared  the  way  experienced  physi- 
cians go  about  solving  the  problem  of  making  an  accurate  diagnosis  with 
the  way  novice  physicians  make  a diagnosis.  When  you  visit  a physician, 
you  are  there  because  you  have  a problem.  You  need  to  find  the  cause  for 
your  symptoms,  so  that  the  symptoms  and  the  underlying  cause  can  be 
treated.  Novice  physicians  terminated  their  search  for  a cause  as  soon  as 
they  found  a plausible  alternative.  By  contrast,  the  senior  physicians  per- 
sisted in  their  search  through  the  problem  space  even  after  they  found 
a possible  cause.  Similar  results  were  found  when  students  who  were 
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successful  in  solving  problems  in  a genetics  class  were  compared  to  unsuc- 
cessful students.  The  most  salient  difference  between  the  successful  and 
unsuccessful  prohlem-solvers  was  the  tendency  to  consider  more  options; 
that  is,  the  good  prohlem-solvers  persisted  longer  than  the  poor  prohlem- 
solvers  when  searching  for  solutions  and  continued  to  work  on  the  problem 
after  a plausible  solution  was  found. 

The  same  results  were  found  in  studies  of  mathematical  problem  solving. 
When  college  students  are  given  mathematical  problems  to  solve,  most  will 
try  to  recall  a solution  for  a similar  problem  (retrieval  from  memory  of  a 
familiar  solution)  instead  of  trying  to  reason  from  their  knowledge  of  math- 
ematics (Lithner,  2000).  Those  who  continue  to  work  on  the  problem  when 
they  cannot  readily  recall  a solution  are  more  successful  than  those  students 
who  "give  up."  This  is  an  important  point:  in  order  to  become  a good 
problem-solver,  you  must  be  willing  to  work  at  the  problem  and  to  search 
the  problem  space  for  solution  paths,  even  when  none  are  obvious  or  a 
plausible  one  has  been  found. 

Well-Defined  and  Ill-Defined  Problems 


Here  is  Edward  Bear,  coming  downstairs.  Now,  bump,  bump,  bump,  on 
the  back  of  his  head,  behind  Christopher  Robin.  It  is,  as  far  as  he  knows, 
the  only  way  of  coming  downstairs,  but  sometimes  he  feels  that  there 
really  is  another  way,  if  only  he  could  stop  bumping  for  a moment  and 
think  of  it. 

— A.  A.  Milne  {Winnie-the-Pooh,  1926,  p.  3) 
Problems  come  in  all  shapes  and  sizes.  Consider  the  following  two  problems: 

1.  The  parallelogram  problem  (after  Wertheimer,  1959). 

Some  time  back  in  fifth  or  sixth  grade,  you  learned  that  in  order  to  find  the 
area  of  a rectangle,  you  should  multiply  the  height  by  the  length.  Now  you 
are  given  the  following  parallelogram  that  is  4"  long  and  2"  high.  What  is 
its  area? 


4‘ 
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2.  Write  a poem  expressing  the  joy  you  feel  when  spring  flowers 


Do  these  problems  seem  qualitatively  different  to  you?  The  parallelogram 
problem  has  a single  correct  answer.  Have  you  figured  it  out?  Wertheimer 
(1959)  suggested  that  the  correct  answer  lies  in  perceptual  reorganization, 
or  seeing  the  problem  in  a new  way.  The  new  way  consists  of  seeing  the 
parallelogram  in  terms  of  a rectangle  and  two  triangles.  Thus,  the  parallelo- 
gram becomes: 


Once  the  problem  is  restructured  this  way,  it  is  only  a short  leap  to  figure 
out  that  the  area  of  the  parallelogram  can  be  found  with  the  same  formula 
for  the  area  of  a rectangle  because  the  two  triangles  can  be  fit  together  so 
that  a new  rectangular  figure  is  formed  with  a 4"  length  and  a 2"  height. 
In  the  present  example,  the  area  of  the  parallelogram  is  2"  x 4"  = 8 square 
inches.  There  is  no  other  correct  answer.  The  goal  (correct  answer)  is  well 
defined,  as  is  the  path  to  the  goal. 

Writing  a poem  is  a different  sort  of  problem.  The  goal  (a  beautiful  poem) 
is  ill  defined,  as  there  are  many  forms  a poem  can  take.  There  are  countless 
ways  to  write  a poem.  The  greatest  difficulty  in  this  case  lies  in  evaluating 
the  quality  of  the  end  product.  The  goal  is  uncertain  in  ill-defined  prob- 
lems, thus  part  of  the  difficulty  lies  in  determining  whether  the  problem 
has  been  solved. 

Most  of  the  problems  that  confront  people  outside  of  school  are  ill  defined. 
The  problem-solver  must  decide  how  to  define  the  goal  and  then  evaluate 
how  well  the  goal  has  been  attained.  By  contrast,  many  of  the  problems 
that  students  are  asked  to  solve  in  school  are  well  defined,  that  is,  there  is 
a single  correct  answer.  Other  examples  of  ill-defined  problems  are:  creat- 
ing a way  to  increase  sales  for  a business;  finding  more  effective  ways  to 
study;  writing  a clear,  easy-to-read  textbook;  saving  money  for  college  tu- 
ition; building  a better  mousetrap;  deescalating  the  nuclear  arms  race,  get- 
ting a date  with  the  attractive  newcomer  at  your  school,  and  improving  the 
environment.  In  ill-defined  problems,  the  goal  may  be  vague  or  incom- 
plete, which  makes  the  generation  of  solution  paths  difficult  and  their 
evaluation  even  more  difficult. 


bloom. 
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One  of  the  best  ways  to  approach  ill-defined  problems  is  to  make  the  goal 
explicit.  It  is  usually  possible  to  state  the  goal  in  several  different  ways  for 
ill-defined  problems.  For  example,  the  problem  of  increasing  sales  can  be 
re-identified  as  the  problem  of  increasing  profits  because  the  real  goal  is  to 
find  ways  to  make  more  money.  When  stated  in  this  form,  the  problem 
changes  from  its  initial  conceptualization.  Solution  paths  can  now  include 
ways  to  cut  losses,  reduce  inventories,  or  collect  bad  debts.  The  best  way  to 
approach  ill-defined  problems  is  to  specify  multiple  goals  in  objective 
terms  so  that  a variety  of  solution  paths  can  be  considered.  This  sort  of 
exercise  will  suggest  additional  solutions  and  can  improve  the  way  you 
search  for  solutions. 

Sometimes  the  distinction  between  well-defined  and  ill-defined  problems 
blurs.  Consider  again  the  problem  of  getting  Keith  to  the  airport  on  time. 
If  the  problem  is  selecting  among  the  three  routes  to  the  airport,  it  is  well 
defined,  but  if  other  solution  paths  and  goals  are  possible — e.g.,  fly  to  the 
airport,  take  a different  plane  from  a nearer  airport,  or  take  the  subway — 
then  the  problem  becomes  somewhat  more  difficult  to  define.  Even  when 
a problem  seems  to  be  well-defined,  it  is  useful  to  consider  whether  other 
goal  states  would  solve  the  problem,  and,  if  so,  what  sorts  of  solution  paths 
are  possible  with  different  goals. 

Problem  Planning  and  Representation 


In  the  mathematics  and  science  courses  1 took  in  college,  1 was  enor- 
mously irritated  by  the  hundreds  of  hours  that  1 wasted  staring  at 
problems  without  any  good  idea  about  what  approach  to  try  next  in  at- 
tempting to  solve  them.  1 thought  at  the  time  that  there  was  no  educa- 
tional value  in  those  “blank"  minutes  and  1 see  no  value  in  them  today. 

— Wickelgren  (1974,  p.  ix) 

Recent  research  in  problem  solving  has  focused  on  the  importance  of  devis- 
ing a plan  for  finding  and  selecting  solutions.  Planning  is  a higher-order 
thinking  skill  that  is  used  to  direct  and  regulate  behavior.  A plan  provides 
a structure  that  problem-solvers  can  use  in  a step-by  step  manner  to  help 
them  reach  the  desired  goal. 

Multiple  Statements  of  the  Goal 

Stating  the  goal  in  many  different  ways,  which  results  in  multiple  goal 
states,  even  when  the  problems  appears  to  be  well  defined,  is  an  example 
of  a planful  approach  to  problem  solving.  The  generation  of  multiple  goal 
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states  will  increase  the  size  of  the  problem  space  and  provide  more  oppor- 
tunities for  finding  a good  solution.  This  sort  of  plan  is  transcontextual, 
which  means  that  it  can  be  used  in  any  context  with  any  sort  of  problem. 
Here  is  an  example  of  this  approach: 

Various  opinion  polls  have  identified  "fear  of  crime"  as  an  important  con- 
cern of  many  Americans.  Not  too  surprisingly,  politicians  have  made  crime 
a major  part  of  their  campaign  pledges.  Fear  of  crime  is  an  important  and 
ill-defined  problem.  Suppose  we  turn  this  problem  into  a clearly  articu- 
lated goal. 

Goal  #1:  Reduce  crime.  Given  this  goal,  what  are  some  possible  solu- 
tions or  paths  of  action  that  will  move  our  society  from  its  present  start 
state  of  "fear  of  crime"  toward  the  goal  of  reducing  crime?  Here  are  two 
possible  solutions  that  (might)  move  us  toward  the  goal  of  reducing 
crime: 

Make  capital  punishment  a national  law. 

Incarcerate  criminals  for  life  if  they  are  convicted  of  three  major  crimes. 

Now,  let's  restate  the  goal  in  other  ways  and  see  how  each  restatement  of 
the  goal  suggests  different  solutions.  One  approach  for  restating  the  goal 
state  is  to  view  the  problem  from  different  perspectives.  What  is  a goal  state 
for  those  citizens  who  are  potential  victims  of  crime? 

Goal  #2:  Make  life  safer  for  honest  citizens.  This  sort  of  goal  shifts  solu- 
tions from  the  criminals  to  the  potential  victims  of  crime.  Some  pos- 
sible solutions  that  come  to  mind  for  attaining  this  goal: 

Provide  everyone  with  a home  security  system. 

Teach  everyone  self-defense. 

Organize  anti-crime  groups  in  every  neighborhood. 

Buy  all  honest  citizens  large  dogs. 

Goal  #3:  Reduce  the  number  of  criminals.  Given  this  goal,  solutions  now 
focus  on  numbers  rather  than  methods  and  on  the  criminals  instead  of 
the  honest  people  in  the  community.  For  example. 

Send  criminals  to  Siberia. 

Return  to  gallows  and  public  floggings  to  send  a strong  anti-crime  mes- 
sage to  would-be  criminals. 
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Begin  community  programs  that  act  as  a deterrent  to  a life  of  crime 
(e.g.,  improve  education  and  sports  programs). 

Goal  #4:  Change  people's  perceptions  so  that  they  no  longer  fear  crime. 
This  sort  of  goal  will  not  affect  the  actual  crime  rate;  rather,  it  will 
change  how  people  think  about  crime.  Some  possible  solutions  for 
this  goal: 

Give  everyone  drugs  that  reduce  anxiety  (so  they  no  longer  fear  crime). 

Provide  information  that  shows  that  the  crime  rate  is  really  very  low 
(this  could  be  true  or  false;  either  would  satisfy  this  goal,  although 
lying  is  obviously  unethical). 

Goal  #5:  Reduce  violent  crimes.  This  goal  also  shifts  how  we  think  about 
the  problem  because  it  concerns  the  degree  of  violence  instead  of  the 
number  of  crimes,  number  of  criminals,  or  how  people  feel  about 
crime.  Some  possible  solutions: 

Make  it  illegal  to  own  a gun. 

Legalize  drug  use. 

Another  way  to  generate  goal  states  is  to  view  the  problem  from  the  per- 
spective of  the  criminals.  What  would  it  take  to  get  them  NOT  to  engage 
in  crime?  It  soon  becomes  clear  that  crime  is  not  a homogeneous  category, 
and  different  sorts  of  actions  are  needed  for  different  sorts  of  crimes.  Sup- 
pose that  you  are  a car-jacker.  What  would  prevent  you  from  hijacking 
cars?  Would  having  a job  make  a difference?  What  about  installing  car  loca- 
tor systems  in  every  car.  Would  that  make  you  less  likely  to  high-jack  cars? 
What  if  you  abused  your  spouse?  What  would  work  to  stop  spousal  abuse? 

Of  course,  some  of  these  possible  solutions  are  ludicrous,  such  as  sending 
criminals  to  Siberia  or  giving  everyone  anti-anxiety  drugs,  and  others  are 
unethical.  The  idea  behind  this  example  is  that  new  perspectives  on  a dif- 
ficult problem  emerge  when  we  are  forced  to  state  an  ill-defined  goal  in 
several  ways.  It  is  likely  that  several  solutions  can  be  used  together  so  that 
fear  of  crime  is  alleviated.  Try  this  sort  of  exercise  with  other  difficult  prob- 
lems. You  may  be  surprised  to  find  that  you  can  think  of  different  catego- 
ries of  solutions  by  specifying  qualitatively  different  sorts  of  goals  and  by 
viewing  the  problem  from  different  perspectives.  Restating  the  goal  in 
multiple  ways  and  considering  different  perspectives  are  two  examples  of 
using  a plan  to  solve  problems. 
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Although  plans  for  solving  problems  can  vary  in  complexity,  most  will 
consist  of  a series  of  basic  steps  that  are  similar  across  all  of  the  models:  (a) 
Recognition  that  a problem  exists;  this  is  an  important  stage  that  often  is 
the  mark  of  creativity,  a topic  that  is  addressed  in  the  next  chapter.  Con- 
sider any  major  change,  such  as  the  change  from  horse  and  buggy  to  mo- 
torized vehicles.  For  most  of  the  pre-automotive  world,  horses  worked  very 
well,  and  the  proposition  that  they  could  be  replaced  by  a box  on  wheels 
that  constantly  broke  down  and  needed  fuel  to  run  was  ludicrous.  Few 
people  saw  any  problem  with  travel  by  horse  and  therefore  did  not  see  a 
problem  that  needed  to  be  solved.;  (b)  Construction  of  a representation  of 
the  problem  that  includes  the  initial  and  goal  states;  (c)  Generation  and 
evaluation  of  possible  solutions;  (d)  Selection  of  a possible  solution;  and  (e) 
Execution  of  the  possible  solution  to  determine  if  it  solves  the  problem. 

Unfortunately,  some  or  all  of  the  steps  will  have  to  be  repeated  if  the  goal  is 
not  attained.  Problem  solving  is  not  a simple  or  linear  process.  It  often  re- 
quires changes  in  the  representation  of  the  problem  or  redefinition  of  the 
goal  as  well  as  generation  of  numerous  possible  solutions  and  reevaluation 
of  the  possible  solutions.  There  are  many  models  of  problem  solving  that 
involve  a series  of  steps  and  iterative  processes.  The  eight-step  model  pro- 
posed by  Basadur  and  Basadur  (201 1)  may  be  useful  for  anyone  who  is  think- 
ing about  how  to  "attack"  a problem.  These  authors  suggest  a four-stage 
approach,  with  two  steps  in  each  phase.  These  are  1)  generation — identifying 
a problem  and  finding  facts  that  are  relevant;  2)  conceptualization — defining 
the  problem  and  finding  ideas  that  are  relevant;  3)  optimization — evaluating 
and  selecting  possible  solutions  and  planning  how  to  implement  a solution; 
and  4)  implementation — accepting  a solution  and  putting  it  into  action. 
These  phases  and  steps  are  shown  in  Figure  9.  4. 

Representation  of  the  Problem  Space 

There  is  little  doubt  that  diagrammatic  representations  considerably 

help  humans  solve  certain  classes  of  problems. 

— Patrick  Oliver  (2001,  p.  63) 

The  best  way  to  solve  a problem  is  to  devise  the  best  representation.  In  an 
extensive  set  of  studies  of  the  way  scientists  think  about  difficult  problems, 
Dunbar  (1998)  found  that  when  scientists  represented  a problem,  they 
naturally  included  those  features  of  the  problem  that  they  thought  would 
be  important  in  solving  the  problem,  with  systematic  differences  between 
the  representations  reflecting  different  beliefs  about  the  nature  of  the 
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Figure  9.4  A model  of  problem  solving  proposed  by  Basadur  and  Basadur  (2011). 
Basadur,  M.,  & Basadur,  T.  (2011).  Where  are  the  generators?  Psychology  of  Aesthetics, 
Creativity,  and  The  Arts,  5(1),  29-42.  doi:1 0.1 037/a001  7757. 


problem.  Consider,  for  example,  an  economics  problem  like  a high  rate  of 
unemployment.  Members  of  different  political  parties  will  represent  the 
same  problem  in  different  ways  because  they  have  different  beliefs  about 
the  cause  of  the  problem.  The  same  sort  of  representational  differences 
were  found  in  studies  of  the  way  scientists  solve  problems  in  their  aca- 
demic discipline.  According  to  Dunbar,  the  molecular  biologists  who  re- 
cently identified  a gene  for  some  types  of  breast  cancer  were  successful  in 
their  quest  for  this  elusive  gene  because  they  used  a different  representa- 
tion for  this  genetics  problem  than  the  unsuccessful  scientists. 

Mayer  (2002)  found  that  good  visual  representations  can  help  readers  com- 
prehend difficult  text.  Readers  who  have  already  read  the  chapter  on 
memory  will  recognize  this  finding  as  an  example  of  the  principle  that  vi- 
sual and  verbal  information  work  together  to  enhance  memory.  One  prin- 
ciple of  good  thinking  that  appears  in  almost  every  chapter  of  this  book  is 
to  use  multiple  representational  systems — that  is,  adding  diagrams  to 
printed  text  and  using  verbal  descriptors  with  spatial  information. 

in  discussing  the  way  good  representations  are  constructed,  Newell  (1983) 
said  that  “Memory  must  be  tickled,"  a phrase  that  1 have  often  used  be- 
cause i believe  that  it  is  a critical  consideration  in  how  we  think.  Every  time 
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you  think,  your  knowledge  about  the  problem  must  be  accessed  and  uti- 
lized. Every  problem-solver  must  be  able  to  make  inferences  from  problem 
statements  to  build  an  adequate  problem  representation — one  in  which 
missing  and  conflicting  information  is  made  obvious  and  critical  relation- 
ships are  easy  to  grasp.  Try  this  example: 

Draw  a representation  and  write  an  algebraic  formula  that  corresponds 

to  the  following  statement: 

There  are  six  times  as  many  students  as  professors  at  this  university. 

If  you  are  like  many  college  students,  you  drew  a diagram  like  this  one: 


This  translates  into  6S  = P. 

If  1 gave  you  the  number  of  students,  you  could  use  this  formula  to  find 
that  number  of  professors  and  vice  versa.  Can  you  see  why  the  formula 
derived  from  this  representation  is  wrong?  The  formula  states  that  there 
are  more  professors  than  there  are  students,  rather  than  the  reverse!  The 
reason  that  so  many  students  have  difficulty  with  this  problem  and  others 
like  it  lies  in  the  way  in  which  the  words  are  translated  into  a diagram.  The 
juxtaposition  of  the  words  “six  times  the  number  of  students"  seems  to 
automatically  suggest  that  the  number  of  students  should  be  multiplied  by 
six.  Mayer  found  a significant  improvement  in  the  mathematical  problem- 
solving skills  of  college  students  after  only  three  hours  of  training  on  how 
to  devise  correct  representations  (Lewis  & Mayer,  1987).  It  is  difficult  to 
overstate  the  importance  of  a good  representation  when  solving 
problems. 

The  section  below  contains  suggestions  for  devising  good  representations 
and  demonstrates  the  intimate  relationship  between  the  representation 
and  the  solution  to  the  problem.  Good  representations  share  certain  char- 
acteristics. They  take  advantage  of  spatial  locations  to  group  information 
in  a visual  format;  they  also  act  as  a check  on  how  well  you  understand  the 
problem.  Let's  try  some  examples  of  ways  to  represent  problems. 
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Write  It  Down 

All  problems  are  initially  represented  in  your  head.  It  is  a good  idea  to  get 
the  paths  and  goals  on  paper  or  into  some  other  concrete  form.  This  tactic 
will  reduce  the  memory  load  and  allow  you  to  view  the  problem  visually. 
The  simplest  example  of  the  aid  provided  by  a pencil  and  paper  is  a 
straightforward  multiplication  problem.  Solve  the  following  problem  with- 
out writing  anything: 

976 
X 893 

Of  course,  you  would  consider  this  a ridiculous  request  because  it  is  a 
simple  problem  with  paper  and  pencil  and  a difficult  one  to  perform  in 
your  head  because  of  the  demands  on  working  memory.  Whenever  there 
are  several  facts  or  different  options  to  keep  track  of,  it  is  a good  idea  to  use 
paper  and  pencil. 

Draw  a Graph  or  Diagram 

A bear,  starting  at  point  P,  walked  one  mile  due  south.  Then  he  changed 
direction  and  walked  one  mile  due  east.  Then  he  turned  again  to  the 
left  and  walked  one  mile  due  north,  and  arrived  exactly  at  the  point  P 
he  started  from.  What  was  the  color  of  the  bear? 

—Polya,  1957,  p.  234 

Does  this  problem  seem  strange  or  even  impossible  to  you?  If  you  draw  a 
simple  “map"  of  the  bear's  route,  it  will  be  a pie-shaped  wedge.  Where  on 
earth  is  this  possible?  Think  about  a globe.  Did  you  just  say  "Why,  of 
course,  point  P must  be  the  North  Pole"  to  yourself?  Once  you  realize  that 
you  are  at  the  North  Pole,  this  problem  becomes  easy  to  solve.  The  bear 
must  be  white,  because  only  polar  bears  live  at  the  North  Pole. 

Consider  the  following  problem: 

A venerable  old  monk  leaves  the  monastery  at  exactly  6:00  A.M.  to 
climb  a winding  mountain  trail  to  the  solitude  of  the  mountain  peak. 
He  arrives  at  exactly  4:00  PM.  After  spending  the  night  in  sleep  and 
prayer,  he  leaves  the  mountain  peak  at  exactly  6:00  A.M.  and  arrives 
at  the  monastery  at  exactly  4:00  P.M.  There  are  no  constraints  on  the 
speed  at  which  he  walks.  In  fact,  he  stops  several  times  along  the  way  to 
rest.  Is  there  some  point  on  the  mountain  trail  that  he  passes  at  exactly 
the  same  time  each  day? 


470  Development  of  Problem-Solving  Skills 


Stop  and  think  about  this  problem  for  a moment.  Does  it  seem  like  a dif- 
ficult one?  There  are  two  ways  to  consider  this  problem  that  will  make  the 
answer  seem  simple,  but  before  you  go  on,  decide  how  you  would  go  about 
solving  this  problem,  and  then  solve  it.  As  you  can  probably  guess,  a good 
representation  of  the  central  elements  of  the  problem  will  be  an  important 
determinant  of  the  solution. 

One  solution  is  to  draw  a graph  of  the  monk's  ascent  and  descent.  The 
graph  can  take  any  shape  since  you  know  nothing  about  his  hourly  prog- 
ress. The  graphs  of  the  ascent  and  descent  should  appear  as  in  Figure  9.5. 

Now,  superimpose  the  two  graphs  and  see  if  there  must  be  some  point 
where  the  graphs  intersect.  If  there  is,  then  there  is  some  time  when  the 
monk  passed  the  same  point  at  the  same  time  on  each  day.  This  is  shown 
in  Figure  9.6. 


Leave  Time  Arrive 


Figure  9.5  Graphs  of  the  monk's  ascent  and  descent.  The  graphs  can  take  any  shape 
because  the  monk  can  rest  as  often  as  he  wishes  when  he  climbs  the  hill  and  when  he 
descends. 


Development  of  Problem-Solving  Skills  471 


Figure  9.6  By  superimposing  the  ascent  and  descent  graphs,  it  is  easy  to  see  that  there 
must  be  some  place  at  which  the  graphs  intersect.  Thus,  there  must  be  a place  on  the 
mountain  trail  that  the  monk  crosses  at  the  same  time  each  day. 

Drawing  a graph  provides  a clear  picture  of  the  results.  Actually,  an  easier 
way  of  solving  this  problem  involves  changing  the  representation  and  re- 
stating the  facts  in  the  problem  in  an  equivalent  but  different  form.  As- 
sume two  people  traverse  the  same  mountain  path  at  the  same  time  on  the 
same  morning.  If  one  starts  at  the  monastery  and  the  other  starts  at  the 
mountain  peak,  both  leaving  at  6:00  AM  and  both  arriving  at  their  oppo- 
site destinations  at  4:00  PM,  it  is  obvious  they  must  meet  somewhere  along 
the  path  no  matter  how  often  each  chooses  to  rest  and  reflect.  Thus,  with 
a change  in  representation,  a difficult  problem  can  become  trivial. 

I used  to  teach  a laboratory  course  in  experimental  psychology.  In  that 
course,  college  students  were  required  to  conduct  experiments,  gather  data, 
and  interpret  their  data  in  meaningful  ways.  Although  the  students  were 
taught  the  statistical  methods  needed  for  data  analysis,  1 found  that  when 
they  graphed  their  results  they  obtained  a much  better  understanding  of 
the  phenomenon  they  investigated.  They  were  able  to  use  their  experimen- 
tal results  to  formulate  sound  conclusions  because  they  understood  the 
nature  of  their  findings.  The  students  found  that  a simple  graph  was  a more 
valuable  tool  for  comprehension  than  the  elaborate  statistical  procedures 
that  they  were  required  to  use. 

Graphs  and  other  kinds  of  diagrams  are  especially  useful  comprehension 
strategies  in  mathematical  and  scientific  problem  solving.  For  example,  a 
common  problem  in  undergraduate  statistics  courses  requires  finding  the 
area  between  two  points  under  a certain  kind  of  curve  called  a "normal"  or 
"bell-shaped"  curve.  This  problem  can  be  difficult  or  confusing  for 
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students,  but  it  becomes  easy  if  they  draw  the  curve  and  shade  in  the  area 
they  want  to  find.  In  fact,  I do  not  give  my  statistics  students  the  algebraic 
rules  for  finding  the  appropriate  area.  Students  find  it  easier  to  figure  it  out 
for  themselves  from  the  diagrams  they  draw. 

Let's  try  another  example  in  which  graphs  or  diagrams  will  simplify  the 
search  for  a solution  path.  To  save  money  and  their  sanity,  Melvin,  Brock, 
Marc,  and  Claire  decide  to  form  a babysitting  cooperative.  They  agree  to 
baby  sit  for  each  other's  children  with  the  understanding  that  when  one  of 
them  stays  with  another's  children,  the  recipient  will  repay  the  sitter  with 
an  equal  number  of  babysitting  hours.  They  decide  to  tally  babysitting 
hours  at  the  end  of  the  month.  During  the  month,  Melvin  sat  with  Brock's 
children  9 hours,  Marc  sat  with  Melvin's  children  3 hours,  and  Claire 
stayed  with  Melvin's  children  6 hours.  Marc  baby  sat  9 hours  with  Claire's 
children,  and  Brock  baby  sat  5 hours  with  Claire's  children.  Which  of  these 
people  has  12  hours  of  baby-  sitting  time  due  to  him  or  her? 

A good  diagram  of  the  relationship  between  these  four  people  is  clearly 
needed.  The  relevant  givens  will  involve  the  four  people  and  the  number 
of  hours  owed  to  each.  Let's  start  with  the  first  sentence,  "Melvin  sat  with 
Brock's  children  9 hours."  Thus,  Brock  owes  Melvin  9 hours  of  babysitting 
at  the  end  of  the  month.  The  operation  being  used  is  the  transformation 
of  number  of  hours  spent  babysitting  into  number  of  hours  owed  to  each 
sitter.  A simple  diagram  of  this  relationship  is: 


The  next  sentence  translates  into  "Melvin  owes  Marc  3 hours,  and  Melvin 
owes  Claire  6 hours." 


9 hours 


> 


Brock 


Melvin 


Marc 


9 hours 


Brock 


> Melvin 


6 hours 


Claire 
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Then,  changing  the  third  sentence  so  that  it  reflects  what  is  owed,  Claire 
owes  Marc  9 hours,  and  Claire  owes  Brock  5 hours. 


Marc 


It  is  easy  to  see  from  this  diagram  that  only  Marc  is  owed  12  hours  of  baby- 
sitting, 3 hours  from  Melvin  and  9 hours  from  Clair.  A good  diagram  of  the 
hours  owed  is  essential  in  finding  the  solution  to  this  problem. 

There  are  several  other  ways  of  representing  the  information  in  the  babysit- 
ting co-op  problem  that  will  display  all  of  the  essential  relationships  and 
thus  also  give  the  correct  answer.  When  a colleague  (Dr.  Susan  Nummedal, 
emeritus  faculty  at  California  State  University,  Long  Beach)  posed  this 
problem  to  her  students,  she  found  that  they  devised  a variety  of  represen- 
tations to  solve  the  problem.  One  student  used  a simple  bar  graph  to  keep 
track  of  the  number  of  hours  sat  by  each  participant.  This  representation  is 
shown  in  Figure  9.7. 
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Figure  9.7  Alternative  form  representation. 
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Other  students  used  a variety  of  table  formats.  One  listed  the  number  of 
hours  "gave"  as  a positive  number  and  "received"  as  a negative  number 
because  it  was  owed.  Another  student  split  the  information  into  "sitter" 
and  "sat  for"  categories,  filled  in  a table  of  information  summing  across 
the  columns  for  the  total  number  of  "sat  for"  hours  for  each  participant, 
and  summed  down  the  rows  for  the  total  number  of  "sitter"  hours  for  each 
participant.  These  representations  are  offered  in  tables  9.1  and  9.2, 
respectively. 

As  the  babysitting  co-op  problem  demonstrates,  there  are  often  many  ways 
of  representing  a given  problem.  As  you  work  through  the  problems  in  this 
chapter,  try  a variety  of  representations.  A good  representation  will  present 
all  of  the  relevant  information  in  a way  that  it  can  be  readily  understood 
and  assimilated.  Good  representations  provide  the  necessary  solution  paths 
to  the  goal. 

Try  a Hierarchical  Tree 

Hierarchical  trees  are  branching  diagrams.  They  are  most  frequently 
used  to  assess  mathematically  the  probability  or  likelihood  of  uncertain 


Table  9.1 


Gave 

Received 

Total  Due 

Melvin 

+9 

-3,  -6 

0 

Marc 

-h3,  +9 

12 

Claire 

+6 

-9,  -1 5 

-8 

Brock 

+5 

-9 

-4 

Table  9.2 
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outcomes.  (See  the  chapter  on  reasoning  for  the  use  of  tree  diagrams  in 
solving  "if,  then"  problems  and  the  chapter  on  probability  for  the  use  of 
decision  trees  in  calculating  probabilities.)  Hierarchical  trees  or  tree  dia- 
grams can  be  useful  aids  in  decision  making  and  problem  solving.  In  this 
context,  they  are  called  decision  trees.  If  the  problem  you  are  working  on 
is  fairly  complex,  with  each  possible  solution  path  requiring  subsequent 
additional  paths,  a hierarchical  tree  or  tree  diagram  should  be  considered. 

Here  is  a classic  problem  that  has  a long  history  in  the  psychological  litera- 
ture on  problem  solving.  Although  the  problem  is  a medical  one,  no  spe- 
cialized knowledge  is  needed  to  solve  it: 

Suppose  you  are  a doctor  faced  with  a patient  who  has  a malignant 
tumor  in  his  stomach.  It  is  impossible  to  operate  on  the  patient,  but 
unless  the  tumor  is  destroyed  the  patient  will  die.  There  is  a kind  of  ray 
that  can  be  used  to  destroy  the  tumor.  If  the  rays  reach  the  tumor  all  at 
once  at  a sufficiently  high  intensity,  the  tumor  will  be  destroyed.  Unfor- 
tunately, at  this  intensity  the  healthy  tissue  that  the  rays  pass  through 
on  the  way  to  the  tumor  will  also  be  destroyed.  At  lower  intensities  the 
rays  are  harmless  to  healthy  tissue,  but  they  will  not  affect  the  tumor 
either.  What  type  of  procedure  might  be  used  to  destroy  the  tumor 
with  the  rays,  and  at  the  same  time  avoid  destroying  the  healthy  tissue? 
(Duncker,  1945,  pp.  307-308) 

Research  has  shown  that  this  is  a difficult  problem  to  solve  (and  modern 
medical  advances  since  1945  make  new  solutions  possible).  Although  a 
variety  of  solutions  were  attempted,  the  best  solution  is  to  use  several  weak 
rays,  each  coming  from  different  places  outside  the  body  focused  so  that 
they  would  meet  and  summate  at  the  tumor  site.  In  this  manner,  the 
healthy  tissue  will  not  be  hurt  by  the  weak  rays,  and  the  tumor  will  receive 
a high  level  of  radiation.  This  solution  was  formulated  from  a broader  cat- 
egory of  solutions  that  included  having  each  ray  grow  stronger  as  it 
reached  the  tumor. 

One  subject's  search  for  solution  paths  is  shown  in  Figure  9.8  in  a hierarchi- 
cal tree  diagram.  Note  that  the  goal  is  explicitly  stated  at  the  top  of  the  tree. 
General  broad  strategies  are  listed  one  level  below  the  goal,  with  more 
specific  ways  of  satisfying  each  strategy  on  lower  levels. 

Another  example  of  using  trees  to  solve  problems  is  the  familiar  use  of  fam- 
ily trees.  Estate  lawyers,  who  often  face  a tangled  web  of  family 


476  Development  of  Problem-Solving  Skills 


Treatment  of  tumor  by  rays 
without  destruction  of  healthy  tissue 


Avoid  contact  between  rays 
and  healthy  tissue 


Desensitize  the  Lower  the  intensity  of  the  rays 

healthy  tissue  on  their  way  through  healthy  tissue 


Use  free  Remove  Insert  Displace  Inject  Immunize  by 

path  to  healthy  protecting  tumor  desensitizing  adaptation 

stomach  tissue  from  wall  between  towards  chemical  to  weak  rays 
path  of  rays  rays  and  surface 
healthy  tissue 


Postpone  use  Give  weak 
of  full  intensity  intensity 
until  tumor  is  in  periphery 
reached  and  concentrate 
in  place  of  tumor 


Esophagus  Insert  Feed  By  pressure 

a cannula  substance 

which  protects 


By  use  of  lens 


Figure  9.8  A hierarchical  tree  diagram  of  one  subject's  attempted  solutions  to 
Duncker's  x-ray  problem.  (After  Duncker,  1945). 


relationships,  need  to  be  able  to  determine  the  relations  between  family 
members  in  order  to  handle  wills  and  estate  taxes.  Multiple  spouses,  co- 
habitation, step-children,  half-siblings,  and  out-of-wedlock  births  can 
make  the  difficult  matter  of  inheritance  a legal  nightmare.  A carefully 
drawn  family  tree  that  places  each  member  on  the  appropriate  genera- 
tional branch  is  an  invaluable  aid  in  solving  tangled  inheritance  claims. 

Make  a Matrix 

A matrix  is  a rectangular  array  of  facts  or  numbers,  it  is  really  just  a fancy 
word  for  a chart.  When  the  givens  in  a problem  can  be  broken  down  into 
categories,  a matrix  may  be  a good  method  of  representation.  Consider  the 
problem  posed  by  Whimbey  and  Lochhead  (1982): 

Three  men — Fred,  Ed,  and  Ted — are  married  to  Joan,  Sally,  and  Vickie, 
but  not  necessarily  in  that  order.  Joan,  who  is  Ed's  sister,  lives  in  Detroit. 
Fred  dislikes  animals.  Ed  weighs  more  than  the  man  who  is  married  to 
Vickie.  The  man  married  to  Sally  breeds  Siamese  cats  as  a hobby.  Fred 
commutes  over  200  hours  a year  from  his  home  in  Ann  Arbor  to  his  job 
in  Detroit.  Match  up  the  men  with  the  women  they  married,  (p.  67) 

What  are  the  categories  of  information  given  in  this  problem?  The  givens 
concern  husbands  and  wives.  Set  up  a three-by-three  matrix  and  fill  in  as 
much  of  it  as  you  can  with  the  information  given  above: 
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joan 

Sally 

Vickie 

Fred 

Ed 

Ted 

Because  Joan  is  Ed's  sister,  she  cannot  be  his  wife,  so  fill  in  a "NO"  in  the 
Joan-Ed  cell  of  the  matrix.  Skip  the  next  two  statements  for  the  time  being 
and  go  on  to  the  statement  that  Ed  weighs  more  than  the  man  married  to 
Vickie;  therefore,  Ed  is  not  married  to  Vickie.  Ed  must  be  married  to  Sally. 
So  far,  the  matrix  appears  as  below: 


joan 

Sally 

Vickie 

Fred 

NO 

Ed 

NO 

YES 

NO 

Ted 

NO 

Peruse  the  problem  for  more  clues.  Have  you  found  the  important  one? 
Fred  lives  in  Ann  Arbor  and  Joan  lives  in  Detroit;  therefore,  we  would  con- 
clude that  they  are  probably  not  married.  Because  Fred  is  not  married  to 
Joan  or  Sally,  he  must  be  married  to  Vickie.  Who  is  left  for  Ted?  Joan  must 
be  married  to  Ted. 

The  completed  matrix: 


joan 

Sally 

Vickie 

Fred 

NO 

NO 

YES 

Ed 

NO 

YES 

NO 

Ted 

YES 

NO 

NO 

Admittedly,  this  is  an  artificial  problem,  not  much  like  the  ones  we  en- 
counter in  real  life,  but  problems  just  like  this  appear  on  the  Law  School 
Aptitude  Test  (LSAT),  which  is  used  for  admissions  for  most  law  schools  in 
the  United  States  and  many  other  countries  around  the  world.  A little  prac- 
tice with  matrix  problems  before  taking  the  test  will  help  you  achieve  a 
career  in  law  (assuming  that  is  why  you  would  be  taking  the  LSAT).  To  do 
well  on  the  logic  problems  found  on  the  LSAT  and  other  tests  used  for  uni- 
versity admissions,  you  need  to  recognize  the  type  of  problem — if  you  can 
quickly  see  that  a problem  calls  for  a matrix  set-up,  you  could  solve  the 
problems  much  more  quickly  than  if  you  spent  time  deciding  on  which 
representation  to  use. 
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Even  if  these  problems  seem  artificial,  there  are  many  times  when  a matrix 
representation  can  help  in  everyday  life.  For  example,  there  is  considerable 
controversy  over  the  issue  of  vitamin  C as  a deterrent  for  the  common 
cold.  How  would  you  decide  if  vitamin  C prevents  colds?  Most  probably, 
you  would  give  vitamin  C to  some  people  and  not  others  and  count  the 
number  of  colds  in  each  group.  Suppose  you  found  the  following  results: 
10  people  who  took  vitamin  C did  not  catch  a cold,  4 people  who  took 
vitamin  C caught  a cold,  8 people  who  did  not  take  vitamin  C did  not 
catch  a cold,  and  6 people  who  did  not  take  vitamin  C caught  a cold.  What 
would  you  conclude? 

Because  we  have  categories  of  information  (took  or  did  not  take  vitamin  C 
and  caught  or  did  not  catch  a cold),  a matrix  displaying  the  appropriate 
values  will  help  us  to  understand  the  givens. 


Vitamin  C 

Took 

Didn't  Take 

Vitamin  C 

Vitamin  C 

Caught 

4 

6 

Total 

Of  those  who  caught  a 

a cold 

number 

cold,  % who  took 

who 

vitamin  C:  40% 

caught  a 

Of  those  who  caught  a 

cold:  1 0 

cold,  % who  didn't  take 

vitamin  C:  60% 

Didn't 

10 

8 

Total 

Of  those  who  didn't  catch 

catch  a 

number 

a cold,  % who  took 

cold 

who 

vitamin  C:  55.5%  (10/18) 

didn't 

Of  those  who  didn't  catch 

catch  a 

a cold,  % who  didn't  take 

cold:  1 8 

vitamin  C:  44.4%  (8/18) 

Total 

Total  number 

Total 

number 

who  didn't 

number 

who  took 

take  vitamin 

in  the 

vitamin 

C:  14 

study:  28 

C:  14 

By  examining  every  cell  of  the  matrix,  you  can  determine  if  vitamin  C 
prevented  colds.  To  see  if  vitamin  C worked,  you  need  to  consider  how 
many  of  those  who  caught  a cold  had  taken  vitamin  C.  The  answer  is  4 out 
of  10,  or  40%.  You  also  need  to  consider  how  many  of  those  who  did  not 
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catch  a cold  had  taken  vitamin  C.  The  answer  is  10  out  of  18,  or  55.5%. 
Few  would  be  willing  to  conclude  from  these  data  that  vitamin  C helped 
to  prevent  colds  from  these  data.  (Research  concepts  are  discussed  more 
fully  in  the  chapter  "Thinking  as  Hypothesis  Testing"  the  chapter  on  prob- 
ability. Statistical  tests  are  used  to  decide  if  these  numbers  are  significantly 
different.)  By  representing  the  information  in  a matrix,  the  results  can  be 
more  easily  determined.  This  is  essentially  the  same  problem  that  was  dis- 
cussed in  the  likelihood  and  uncertainty  chapter,  in  which  you  were  asked 
to  decide  if  a positive  outcome  on  a cancer  screening  test  actually  meant 
you  had  cancer.  Given  the  overlap  between  the  topics,  you  would  expect 
that  techniques  that  are  useful  in  one  context  would  also  be  useful  in  re- 
lated contexts. 

Manipulate  Models 

it  is  often  a good  idea  to  make  a concrete  representation  for  abstract  prob- 
lems. 1 am  sure  that  you  have  seen  an  architect's  model  for  a planned  com- 
plex like  a shopping  center,  office  building,  or  college  campus.  The 
miniature  buildings  and  walkways  are  not  made  because  architects  love 
doll-sized  buildings.  Although  they  are  often  made  to  communicate  archi- 
tectural plans  to  others  who  are  not  skilled  at  reading  blueprints,  the  min- 
iature models  also  help  the  architect  solve  problems.  With  the  movable 
parts,  she  or  he  can  move  the  buildings  to  find  the  best  way  to  place  them 
before  construction  begins. 

Let's  try  a problem  where  making  a model  will  help  in  finding  a solution. 
There  are  two  groups  of  beings  on  a mythical  planet  in  a far  away  galaxy: 
they  are  Hobbits  and  Ores.  One  day,  three  Hobbits  got  lost  while  exploring 
the  homeland  of  the  Ores.  The  Hobbits  could  get  home  safely  if  they  could 
cross  the  river  that  separates  their  two  homelands.  The  Ores  agreed  to  help 
the  Hobbits  cross  the  river,  but  the  only  boat  they  had  could  hold  only  two 
beings  at  a time,  and  the  Hobbits  could  not  let  themselves  ever  be  outnum- 
bered by  the  Ores,  or  the  Ores  would  eat  them. 

Your  problem  is  to  figure  out  a sequence  of  moves  that  will  carry  all  three 
hobbits  to  the  other  side  of  the  river  and  return  all  three  Ores  on  their  own 
side.  The  constraints  are  that  only  two  beings  can  fit  in  the  boat  at  one 
time,  and  if  at  any  time  the  Ores  on  one  shore  outnumber  the  Hobbits,  you 
will  have  to  start  over. 

This  would  be  an  impossible  problem  to  solve  without  some  external  form 
of  representation.  Use  some  small  objects  to  represent  the  Hobbits  and  Ores 
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and  move  them  across  an  imaginary  river.  Three  large  paper  clips  for  the 
hobbits  and  three  small  paper  clips  for  the  Ores  will  work  well.  You  will 
have  to  imagine  that  you  are  transporting  them  in  a boat.  Be  sure  to  write 
down  all  of  your  moves.  Plan  to  take  as  long  as  10  to  15  minutes  to  solve 
this  problem.  As  you  work  toward  the  solution,  be  aware  of  how  you  are 
thinking  about  the  moves.  Do  not  go  on  until  you  have  worked  through 
the  problem. 

The  complete  sequence  of  moves  needed  to  move  the  Hobbits  is  shown  in 
Figure  9.9.  One  of  the  greatest  difficulties  with  this  problem  is  the  need  to 
move  all  three  Ores  across  the  river,  a situation  that  is  not  desired,  in  order 
to  move  the  Hobbits  without  allowing  them  to  become  outnumbered. 
Problems  of  this  sort  have  come  to  be  known  as  detour  problems  be- 
cause the  path  to  the  goal  is  not  a direct  linear  one.  Intermediate  steps  are 
required  that  seem  directly  opposite  to  the  goal — in  this  case,  moving  all 
three  Ores  to  the  opposite  side  of  the  river  when  the  desired  goal  is  to  have 
all  of  them  on  the  side  from  which  they  originated.  It  is  important  to  rec- 
ognize that  the  route  to  a goal  will  often  involve  detours. 

As  a more  realistic  example,  consider  Leon's  goal  to  become  very  wealthy. 
One  solution  path  to  the  goal  may  involve  going  deeply  into  debt  in  order 
to  finance  his  education.  While  going  deeply  into  debt  is  seemingly  an- 
tagonistic to  becoming  wealthy,  it  may  be  a necessary  detour.  Be  sure  to 
consider  solution  paths  that  involve  detours  when  faced  with  difficult 
problems. 

Select  the  Best  Representation 

It  is  a good  idea  to  utilize  an  external  form  of  representation  (e.g.,  paper 
and  pencil,  a model)  whenever  there  are  more  than  a few  givens  that  need 
to  be  manipulated.  The  immediate  or  working  memory  span  can  quickly 
become  overloaded.  If  you  have  already  read  the  chapter  on  decision  mak- 
ing, you  will  recognize  the  importance  of  writing  down  alternatives  and 
considerations  so  that  you  can  reduce  the  load  on  working  memory  and 
allow  the  problem-solver  to  generate  more  alternative  solutions.  Experi- 
mental results  or  almost  any  other  pattern  of  numbers  should  always  be 
graphed.  If  your  problem  is  mathematical  or  spatial,  a diagram  is  likely  to 
be  helpful.  Diagrams  can  help  to  disentangle  any  situation  in  which  the 
givens  have  many  complex  interrelationships.  Diagrams  can  make  impor- 
tant relationships  explicit,  a fact  that  can  often  lead  directly  to  the  goal. 
Hierarchical  trees  are  a natural  form  of  representation  when  the  material 
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MOVES  ACROSS  RIVER 
Step  1 . Move  2 Ores 


Step  2.  Return  1 Ores 


Step  3.  Move  2 Ores 


Step  4.  Return  1 Ores 


Step  5.  Move  2 Hobbits 


Step  6.  Return  1 Hobbit  and  lOre 


Step  7.  Move  2 Hobbits 


Step  8.  Return  1 Ore 
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Figure  9.9  Steps  needed  to  move  three  Hobbits  across  the  river  using  a boat  that  will 
hold  only  two  beings  without  allowing  the  Ores  to  ever  outnumber  the  Hobbits. 


itself  forms  a hierarchically  arranged  structure.  Matrices  are  likely  to  be  use- 
ful when  the  givens  can  be  grouped  into  categories  for  meaningful  com- 
parisons. "Mock-ups"  or  miniature  models  can  aid  in  problem  solving 
when  movement  and  placement  of  the  givens  determine  the  solution. 
Often,  the  way  a problem  is  represented  can  mean  the  difference  between 
a solution  or  nonsolution.  If  you  find  that  one  form  of  representation  is 
not  fruitful,  try  a different  one. 
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Problem-Solving  Strategies 


Solving  problems  can  be  regarded  as  the  most  characteristically  human 
activity. 

— George  Polya,  p.  ix  (1981) 

it  does  no  good  to  tell  someone  who  is  faced  with  a problem  that  he  should 
plan  a solution,  if  he  has  no  idea  how  to  plan.  The  steps  look  deceptively 
simple — generate  and  evaluate  possible  solutions.  But  what  if  you  cannot 
think  of  any  solutions?  There  are  several  strategies  that  can  be  used  in  a 
systematic  manner  to  help  you  generate  solutions.  Although  no  single 
strategy  can  guarantee  perfect  solutions  every  time,  learning  how  to  use 
several  different  strategies  can  give  you  direction  and  confidence  when 
presented  with  a new  problem. 

Schoenfeld  (1985)  found  that  many  mathematicians  and  scientists  claimed 
to  use  specific  strategies  and  rules  when  solving  problems  in  their  academic 
disciplines.  Many  of  the  scientists  and  mathematicians  believed  that  their 
students  would  solve  problems  better  if  they  learned  some  basic  skills  for 
attacking  problems,  in  addition,  several  researchers  have  found  that  in- 
struction in  general  problem-solving  skills  can  improve  problem-solving 
ability  (e.g.,  Lithner,  2000).  You  can  think  of  the  following  strategies  or 
problem-solving  aids  as  ways  to  plan  a solution. 

Means-Ends  Analysis 

Most  often,  progress  toward  the  goal  is  not  made  along  a single  well-paved 
road.  When  the  goal  is  not  immediately  attainable,  we  often  need  to  take 
detours  or  break  the  problem  down  into  smaller  problems,  called  sub- 
problems, each  with  its  own  goal,  called  a subgoal.  Like  all  of  the  strate- 
gies for  solving  problems,  selecting  and  utilizing  subgoals  requires 
planning.  The  procedure  by  which  people  select  subgoals  and  use  them  to 
progress  toward  the  goal  is  called  means-ends  analysis.  This  is  a general, 
often  powerful  method  for  problem  solving.  The  problem  is  first  broken 
down  into  subgoals.  Operations  that  will  reduce  the  distance  between  the 
problem-solver's  current  state  and  the  subgoals  are  then  used,  in  this  man- 
ner, the  problem-solver  will  move  closer  and  closer  to  the  goal.  Work 
through  the  following  examples  in  order  to  clarify  this  concept. 

The  first  step  in  means-ends  analysis  is  to  enumerate  appropriate  subgoals 
and  to  select  the  most  promising  one.  Suppose  that  during  a game  of  chess 
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you  decide  that  a good  subgoal  is  to  put  the  opposing  king  in  check.  The 
goal,  of  course,  is  to  win  the  game,  but  it  will  be  necessary  to  work  toward 
subgoals  to  attain  the  goal.  Putting  the  opposing  king  in  check  is  the  im- 
mediate “end"  towards  which  you  are  working.  You  now  need  to  select  the 
"means"  for  obtaining  that  end,  hence  the  term  "means-ends  analysis."  In 
order  to  achieve  your  subgoal,  determine  the  current  state  position  of  your 
pieces.  Then,  identify  any  difference  between  where  your  pieces  are  and 
where  you  want  them  to  be.  Operations  would  be  selected  that  would  re- 
duce this  difference  and  place  the  opposing  king  in  check.  Suppose  no 
single  move  can  achieve  this  subgoal.  The  means-ends  analysis  procedure 
would  recycle,  this  time  selecting  a smaller  subgoal,  perhaps  moving  an- 
other piece  out  of  the  way.  The  constant  recycling  of  these  two  processes — 
setting  subgoals  and  reducing  distances — will  allow  you  to  make  progress 
toward  the  goal. 

A favorite  problem  of  psychologists  that  can  be  used  to  demonstrate 
means-ends  analysis  is  the  Tower  of  Hanoi  problem.  The  name  of  this 
puzzle  is  derived  from  an  interesting  legend.  Suppose  that  there  are  three 
pegs  and  64  disks,  each  one  a different  size,  stacked  on  one  of  the  pegs  in 
size  order.  (It  may  help  to  think  of  the  disks  as  64  different  size  doughnuts 
that  can  stack  one  on  top  of  each  other  on  the  pegs.)  The  task  is  to  trans- 
fer all  of  the  disks  from  the  first  peg  to  the  third  peg  using  the  middle  peg 
as  an  intermediary.  The  rules  for  moving  disks  include  moving  only  one 
disk  at  a time  and  never  placing  a disk  on  top  of  a smaller  one.  The  legend 
around  this  task  is  that  there  are  monks  in  a monastery  near  Hanoi  who 
are  working  on  this  puzzle,  and  when  they  complete  it  the  world  will 
come  to  an  end.  Even  if  this  legend  were  true,  you  would  have  little  cause 
for  worry  because  if  they  were  to  make  perfect  moves  at  the  rate  of  one 
per  second,  it  would  take  close  to  a trillion  years  to  complete  this  task 
(Raphael,  1976). 

Since  you  probably  do  not  want  to  spend  quite  that  much  time  solving  the 
Tower  of  Hanoi,  you  can  try  a simplified  version  of  it  using  only  three 
disks.  You  can  easily  work  this  problem  using  any  three  coins  of  different 
sizes  (a  quarter,  penny,  and  dime  will  work  well)  and  three  small  sheets  of 
paper.  Stack  the  coins  with  the  smallest  on  top  and  largest  on  the  bottom 
on  one  sheet  of  paper.  The  task  is  to  move  the  coins  from  the  first  piece  of 
paper  to  the  third  so  that  they  will  be  in  the  same  size  order.  You  may  move 
only  one  coin  at  a time.  All  three  pieces  of  paper  may  be  used  in  solving 
the  problem.  Write  down  all  of  the  moves  you  make  in  solving  this  prob- 
lem. The  initial  and  goal  states  are  shown  in  Figure  9.10. 
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Figure  9.10  Start  state  and  goal  for  the  Tower  of  Hanoi  problem.  Use  the  strategy  of 
means-ends  analysis  to  solve  this  problem. 


In  a means-end  analysis  of  the  Tower  of  Hanoi  problem,  one  obvious  sub- 
goal is  to  get  the  quarter  on  the  third  piece  of  paper.  This  cannot  be  done 
immediately  because  the  dime  and  penny  are  on  it;  therefore,  a second 
subgoal  needs  to  be  considered.  A second  subgoal  is  to  end  up  with  the 
penny  on  the  quarter.  This  can  be  accomplished  when  the  penny  is  on  the 
second  paper  and  the  quarter  is  on  the  third  paper.  This  subgoal  cannot  yet 
be  pursued  because  the  dime  must  be  moved  first.  In  this  manner,  subgoals 
or  ends  are  considered  along  with  the  means  to  accomplish  them.  A com- 
plete solution  with  all  of  the  moves  is  shown  in  Figure  9.11.  If  you  try  the 
problem  with  four  or  five  coins  instead  of  three,  you  will  find  that  it  gets 
much  more  complicated,  although  the  strategy  remains  the  same.  A quick 
search  on  the  Internet  will  show  several  sites  that  have  computerized  ver- 
sions of  the  Tower  of  Hanoi  problem  for  those  of  you  who  want  to  try  it 
with  many  more  disks  than  shown  in  Figure  9.11. 


START  

1 lllllllll  IIITTlIlll 

2 lllllllll  I lllllllll 


3 


lllllllll  I lllllllll 


5 I I lllllllll  I lllllllll 

6 nil' 


7 lllllllll  lllTTlIin  GOAL 


Figure  9.11  Solution  to  the  Tower  of  Hanoi  problem.  Notice  how  subgoals  are 
planned  and  obtained  in  reaching  the  goal. 
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Working  Backwards 

Means-Ends  analysis  is  a forward-looking  strategy,  which  means  that 
all  of  the  planning  is  done  by  considering  operations  that  move  you  closer 
to  subgoals  and,  ultimately,  the  final  goal.  Sometimes  it  is  a better  strategy 
to  plan  operations  by  working  backwards  from  the  goal  to  your  present 
or  initial  state.  The  simplest  example  of  this  can  be  found  in  the  paper  and 
pencil  mazes  that  many  children  love  to  solve. 

Some  of  these  mazes  have  several  possible  paths  leading  away  from  the 
start  box  and  only  one  correct  path  ending  in  the  goal  box.  Even  young 
children  realize  that  they  can  solve  the  maze  more  quickly  if  they  work  the 
maze  backward,  beginning  from  the  goal  and  drawing  their  path  to  the 
start  box.  An  example  of  this  type  of  maze  is  shown  in  Figure  9.12. 


Figure  9.12  Working  backwards  is  a good  strategy  when  there  are  fewer  paths  from 
the  goal  than  from  the  start. 
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Working  backward  is  a good  strategy  to  use  whenever  there  are  fewer  paths 
leading  from  the  goal  than  there  are  leading  from  the  start.  Of  course,  mazes 
are  not  the  only  situation  when  working  backward  is  a good  strategy.  Recall 
the  problem  presented  in  Chapter  1 about  water  lilies  that  double  in  lake 
every  twenty-four  hours.  From  the  time  the  first  water  lily  appears  until  the 
lake  is  completely  covered  takes  48  days.  On  what  day  is  it  half  covered?" 

The  only  way  to  solve  this  problem  is  to  work  backwards.  Do  you  remem- 
ber how  to  solve  this  problem?  Can  you  solve  it  with  this  hint?  If  the  lake 
is  covered  on  the  48th  day  and  the  area  covered  by  the  lilies  doubles  every 
day,  how  much  of  the  lake  is  covered  on  the  47“'  day?  The  answer  is  half. 
Thus,  by  working  backward,  the  problem  is  easy  to  solve.  A forward- 
looking  strategy  with  this  problem  will  insure  insanity. 

It  is  often  a good  idea  to  combine  forward  and  backward  strategies.  If  you 
are  faced  with  the  task  of  solving  proofs  in  geometry  and  trigonometry,  a 
combination  of  forward  and  backward  strategies  may  often  prove  most  use- 
ful. You  can  start  from  the  goal,  transforming  expressions  on  each  line,  and 
then  alternate  operations  between  the  start  state  and  the  goal  until  the 
solution  path  meets  somewhere  between  the  two. 

Generalization  and  Specialization 

When  confronted  with  a problem,  it  is  sometimes  helpful  to  consider  it  as 
an  example  of  a larger  class  of  problems  (generalization)  or  to  consider  it 
as  a special  case  (specialization).  The  form  of  problem  representation  that 
is  most  compatible  with  the  generalization  and  specialization  strategy  is 
the  tree  diagram.  Most  goals  can  be  classified  as  both  a subset  of  a larger 
category  and  as  a heading  for  a smaller  one.  Let's  work  an  example  to 
clarify  what  this  means.  As  a furniture  designer,  you  are  given  the  problem 
of  designing  a chair  that  will  be  especially  well  suited  for  reading.  How 
would  you  go  about  solving  this  problem? 

As  you  probably  realized,  this  is  an  ill-defined  problem.  The  difficulty  is 
largely  centered  on  evaluating  which  of  several  possible  chairs  will  best 
satisfy  the  goal.  Use  a tree  diagram  to  classify  chairs  in  general,  and  "chairs 
for  reading"  in  particular.  Although  there  are  many  possible  diagrams,  one 
example  is  presented  in  Figure  9.13. 

1 hope  that  you  worked  through  this  problem  and  drew  your  own  tree  dia- 
gram. As  you  can  see  in  Figure  9.13  thinking  about  "chairs  for  reading"  as 
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Figure  9.13  Possible  tree  diagram  for  the  problem  of  designing  a chair  for  reading. 


a subset  of  the  category  “chairs"  can  help  you  to  incorporate  other  features 
of  chairs  in  your  design  while  custom  tailoring  the  chair  with  some  of  the 
possibilities  that  are  unique  to  "chairs  for  reading."  Thus,  the  process  of 
generalization  and/or  specialization  can  help  you  to  consider  your  problem 
from  both  broad  and  narrow  perspectives. 

Random  Search  and  Trial-and-Error 

Recall  that  the  anatomy  of  a problem  consists  of  a start  or  initial  state,  a 
goal,  and  solution  paths  leading  from  the  start  state  to  the  goal.  One  strat- 
egy for  searching  between  possible  solution  paths  is  random  search.  While 
this  probably  seems  like  a nonstrategy  or  “un-strategy,"  in  some  cases,  it 
will  work  quite  well.  When  there  are  very  few  possible  solution  paths,  ran- 
dom search  will  lead  to  the  goal  in  a short  time.  A truly  random  search 
would  mean  that  there  is  no  systematic  order  in  which  the  possible  paths 
are  explored  and  no  memory  for  paths  already  tried.  A systematic  trial-and- 
error  search  through  the  problem  space  (containing  the  paths,  goal,  and 
start  state)  is  preferable.  Trial-and-error  search  is  best  applied  to  well- 
defined  problems  with  few  possible  solution  paths.  Simple,  short  anagrams 
are  good  candidates  for  these  search  methods.  Unscramble  the  following 
letter  to  form  an  English  word: 


THA 
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Because  there  are  only  six  possible  orders  for  these  three  letters  (THA;  TAH; 
HTA;  HAT;  ATH;  AHT),  trying  each  one  until  a solution  is  found  is  fairly 
straightforward  and  simple  strategy,  if  you  used  a truly  random  search,  you 
would  not  keep  track  of  which  letter  orderings  you  used  and  would  repeat 
some  until  the  correct  order  was  found.  Systematic  trial-and-error  is  almost 
always  superior  to  random  search,  although  only  slightly  better  when  there 
are  very  few  possibilities. 

Both  trial-and-error  and  random  search  are  poor  strategies  when  the  num- 
ber of  possible  paths  increases,  because  of  the  sheer  number  of  possible 
combinations.  Often,  in  larger  problems,  it  is  helpful  to  eliminate  some  of 
the  paths  and  then  search  within  a smaller  subset  with  a trial-and-error 
strategy. 

Rules 

Some  kinds  of  problems,  like  series  problems,  depend  on  rules.  Once  the 
underlying  principles  are  established,  the  problem  is  solved.  Most  problems 
in  mathematics  and  the  physical  sciences  follow  rules.  A good  way  to  dis- 
cover rules  is  to  look  for  patterns  in  the  givens  or  subgoals.  Problems  requiring 
rule-discovery  are  often  used  on  tests  of  intelligence. 

Complete  the  following  pattern: 

ABBACCCADDDDA 

This  is  a fairly  simple  series  problem.  The  next  six  letters  are  EEEEEA.  Cer- 
tain patterns  are  common  in  problems  of  this  sort.  To  detect  them,  count 
the  number  of  repeating  symbols,  look  across  the  series  for  repetitions  at 
long  intervals,  try  simple  additions  and  subtractions,  etc.  This  is  not  a 
trivial  problem.  The  decoding  of  enemy  war  messages  during  World  War  11 
was  a major  factor  contributing  to  our  victory.  The  United  States  and  Brit- 
ish governments  employed  many  professional  decoders  whose  job  was  to 
find  rules  that  could  be  used  to  decipher  German  and  Japanese  military 
messages. 

Suppose  that  there  is  intelligent  life  in  outer  space,  and  that  they  are  also 
wondering  about  us.  How  would  they  let  us  know  that  they  exist?  Some 
scientists,  science  fiction  authors,  and  members  of  the  general  public  be- 
lieve that  they  would  make  their  presence  known  by  sending  messages.  No 
one  believes  that  these  messages  would  be  in  English,  or  Chinese,  or 
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Samoan,  or  any  other  Earth  language.  They  would  send  messages  in  their 
own  native  tongue  or  native  whatever  if  they  do  not  have  tongues.  How 
would  we  on  Earth  recognize  such  messages?  The  United  States  military  has 
decided  that  if  we  are  being  sent  messages  from  outer  space,  the  one  distin- 
guishing characteristic  of  these  messages  would  be  a rule-governed  "gram- 
mar" or  patterned  repetition.  As  strange  as  this  may  seem,  the  military  does 
monitor  outer  space  for  anything  that  seems  like  a patterned  communica- 
tion. So  far,  they  have  not  received  any,  and  we  can  continue  to  believe,  for 
the  time  being  at  least,  that  we  are  the  most  intelligent  beings  in  space  (or 
that  the  more  intelligent  beings  do  not  want  us  to  know  they  are  out  there, 
or  that  they  cannot  reach  us,  or  they  do  not  want  to  reach  us.) 

Hints 

Hints  are  additional  information  that  is  given  after  an  individual  has  begun 
to  work  on  a problem.  Often  the  hint  provides  additional  information  that 
is  important  to  your  solution.  Sometimes  a hint  will  require  that  you 
change  the  way  you  have  been  approaching  the  problem  or  limit  the  num- 
ber of  possible  solutions.  A common  example  of  the  use  of  hints  is  the 
"hot-cold"  game  played  by  children.  An  object  is  hidden  in  a room.  The 
child  who  is  "it"  wanders  around  the  room  while  the  other  children  yell 
"hotter"  if  she  is  moving  closer  to  the  hidden  object  and  "colder"  if  she  is 
moving  away  from  the  hidden  object,  in  this  problem,  the  child  who  is  "it" 
should  take  one  small  step  at  a time  continuing  in  the  same  direction  when 
the  hint  is  "hotter"  and  trying  a slight  change  in  direction  when  the  hint 
is  "colder."  Research  on  the  way  people  use  hints  has  shown  that  general 
hints  like  "think  of  new  ways  of  using  objects"  do  not  facilitate  the  problem 
solution.  The  more  specific  the  hint,  the  greater  the  benefit  derived  from  it. 

One  of  psychology's  favorite  problems  is  the  two-string  problem.  Imagine 
walking  into  a room  with  two  strings  hanging  from  the  ceiling.  The  strings 
are  too  far  apart  for  you  to  reach  both  at  the  same  time,  yet  your  task  is  to 
do  exactly  that.  This  situation  is  depicted  in  Figure  9.14. 

The  best  solution  to  the  two-string  problem  involves  setting  one  string  in 
a swinging  motion,  usually  by  tying  a heavy  object  to  the  end  of  one  string 
to  serve  as  a weight,  so  that  the  problem-solver  can  reach  the  string  as  it 
swings  toward  him.  When  researchers  provided  hints  for  the  problem- 
solver  by  pretending  to  accidentally  bump  against  one  string  to  get  it 
swinging,  most  of  the  problem-solvers  hit  upon  this  solution,  but  few  were 
consciously  aware  that  they  utilized  this  hint  (Maier,  1931). 
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Figure  9.14  The  two-string  problem.  How  could  you  reach  both  strings  at  the  same 
time?  (After  Maier,  1931). 

Good  problem-solvers  will  seek  out  hints.  Gathering  additional  informa- 
tion can  be  thought  of  as  hint-seeking  behavior,  it  is  almost  always  a good 
strategy  to  get  all  of  the  information  that  you  can  about  your  problem.  The 
additional  givens  will  help  you  to  restructure  the  problem  space  and  pro- 
vide direction  so  that  solution  paths  may  be  found  more  easily. 

Split-Half  Method 

The  split-half  method  is  an  excellent  search  strategy  when  there  is  no  priori 
reason  for  selecting  from  a sequentially  organized  set  of  possible  solution 
paths.  Suppose,  for  example,  that  there  is  a stoppage  in  the  plumbing  sys- 
tem that  prevents  water  from  coming  out  of  your  kitchen  faucet.  The  stop- 
page is  somewhere  between  the  place  where  your  pipes  connect  with  the 
other  pipes  on  your  street  and  your  kitchen  faucet.  How  would  you  search 
for  the  pipe  stoppage  while  making  as  few  holes  as  possible  in  the  pipe? 

in  this  example,  the  solution  (the  place  where  the  pipe  is  stopped)  lies 
somewhere  along  a linear  route.  The  best  way  to  search  in  this  problem  is 
the  split-half  method.  Because  this  problem  requires  that  you  break  the 
pipe  each  place  you  search,  you  want  to  search  as  efficiently  as  possible. 
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Begin  halfway  between  the  street  connection  and  your  kitchen  sink.  If  you 
find  that  water  can  still  run  freely  at  this  point,  you  know  that  the  stoppage 
is  between  this  point  and  your  sink.  If  this  happens,  look  again  half-way 
between  this  point  and  your  kitchen  sink.  If  the  water  is  still  running  freely 
at  this  point,  then  you  will  know  that  the  stoppage  is  closer  still  to  the  sink 
and  you  will  look  again  midway  between  that  point  and  your  sink. 

Suppose  that  on  your  first  attempt  you  find  that  the  water  is  not  running 
at  this  point.  Then  the  stoppage  must  be  between  the  street  and  this  mid- 
point. Your  next  search  would  be  midway  between  the  current  search  point 
and  the  street  connection.  In  this  manner,  you  would  continue  searching 
until  the  stoppage  is  found.  This  is  a good  method  anytime  you  have  a 
problem  that  is  structurally  similar  to  this  one,  such  as  trying  to  locate  a 
break  in  the  electrical  wiring  in  your  home  or  auto. 

You  can  use  the  split-half  method  to  play  a party  game  called  “Guess  Your 
Age."  (I  made  this  game  up.)  Your  friends  can  pretend  to  be  any  age.  You 
can  guess  the  age  of  anyone  between  0 and  100  with  no  more  than  7 
guesses.  How  would  you  do  it?  Begin  with  the  age  that  is  midway  between 
0 and  100,  which,  of  course,  is  50.  The  player  would  have  to  respond  by 
telling  you  if  the  age  she  is  thinking  of  is  older  or  younger  than  50.  Thus, 
she  would  respond  with  "younger"  or  "older."  Suppose  that  she  responds, 
"younger."  What  age  should  you  guess  next?  You  would  pick  the  age  mid- 
way between  0 and  50,  which  is  25.  Suppose  she  now  responds,  "older." 
Your  third  guess  should  be  halfway  between  25  and  50.  Because  we  are  only 
concerned  with  whole  numbers,  your  next  guess  would  be  38.  If  she  now 
responds  younger,  you  would  guess  32,  as  this  number  is  midway  between 
25  and  38.  If  the  next  response  is  older,  you  would  guess  35  (midway  be- 
tween 32  and  38).  If  the  response  is  younger,  you  would  guess  33.  At  this 
point  you  know  that  she  is  pretending  to  be  either  33  or  34.  Thus,  any  age 
can  be  guessed  with  at  most  seven  guesses.  Try  this  method  out  with  some 
friends.  It  will  be  good  practice  in  using  the  split-half  strategy.  Consider 
this  strategy  whenever  there  are  several  possible  equally  likely  solutions 
aligned  along  a single  dimension. 

Brainstorming 

The  best  way  to  have  good  ideas  is  to  have  lots  of  ideas. 

— Linus  Pauling  (cited  in  Goertzel  & Goertzel,  1995,  p.  274) 

Brainstorming  is  fun.  It  was  originally  proposed  by  Osborn  (1963)  as  a 
method  for  group  problem  solving,  but  it  is  also  useful  for  individuals 
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working  alone.  Brainstorming  is  useful  in  generating  additional  solution 
paths  and  thus  should  be  considered  whenever  the  difficulty  involves 
finding  solution  paths.  The  goal  of  brainstorming  is  to  produce  a large 
number  of  possible  solutions.  Problem-solvers  are  encouraged  to  think  up 
wild,  unusual,  imaginative  ideas  and  to  write  them  all  down,  no  matter 
how  silly  they  seem.  The  underlying  principle  is  that  the  greater  the 
quantity  of  ideas,  the  greater  the  likelihood  that  at  least  one  of  them  will 
be  good.  To  foster  creative  use  of  imagination,  rules  include  no  criticism 
or  ridicule,  even  when  the  ideas  may  appear  ridiculous.  Judgments  about 
the  worth  of  the  ideas  are  deferred  until  a later  evaluation  phase.  Some- 
times parts  of  the  various  ideas  are  combined  or  refined  to  improve  upon 
them. 

Brainstorming  can  be  done  in  large  or  small  groups  or  alone.  After  the 
brainstorming  session,  the  list  of  possible  solutions  can  be  perused  to  find 
ones  that  will  solve  the  problem  in  light  of  the  problem  constraints,  which 
often  include  financial  and  time  limitations  and/or  ethical  considerations. 
Brainstorming  was  used  effectively  by  a food  manufacturer  faced  with  the 
problem  of  finding  a better  way  to  bag  potato  chips.  The  problem-solvers 
(corporate  executives)  were  asked  to  think  up  the  best  packaging  solution 
they  had  ever  seen.  Someone  said  that  bagging  wet  leaves  was  the  best 
packaging  solution  he  had  ever  seen.  If  you  attempt  to  bag  dry  leaves,  they 
crumble  and  don't  fit  into  trash  bags  well,  but  if  you  hose  them  down  be- 
fore bagging  them  you  can  use  fewer  bags  and  fill  them  more  easily  with 
less  empty  space  in  each  bag.  Following  this  lead,  they  tried  wetting  potato 
chips  and  then  putting  them  into  bags.  The  result  was  disastrous — the  po- 
tato chips  dried  into  tasteless  crumbs.  But  this  idea  ultimately  led  to  the 
popular  potato  chip  that  comes  stacked  in  a can.  The  identical  chips  are 
formed  from  a liquid  potato  mixture  that  is  cooked  into  chip-shaped 
molds.  In  this  manner,  a wild  and  not-too-good  solution  (wetting  potato 
chips)  was  parlayed  into  a highly  successful  product.  It's  true — the  original 
potato  chip  problem  remains  to  be  solved,  but  the  executives  were  quite 
happy  with  the  new  potato  chip  product. 

Recent  research  supports  a two-stage  method  of  brainstorming  (Boddy, 
2012).  In  the  first  stage,  people  work  individually  and  in  silence,  which 
often  produces  more  ideas  than  when  working  in  groups  (Heslin,  2009; 
Paulus,  2000),  followed  by  the  open  generation  of  ideas  by  a group  and 
then  their  evaluation.  In  general,  research  supports  the  idea  that  these  two 
stages  of  brainstorming — alone  and  then  in  a group — can  be  a productive 
way  to  generate  good  ideas  that  solve  problems. 
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Contradiction 

The  best  solution  to  many  problems  often  involves  contradictory  proper- 
ties. For  example,  consider  the  problem  of  the  perfect  pizza  box — one  that 
keeps  the  pizza  hot,  but  does  not  allow  steam  to  collect  inside  the  box  so 
that  the  crust  does  not  get  wet  and  soggy.  These  are  contradictory  properties — 
keep  the  pizza  covered  so  it  stays  hot  and  do  not  let  the  steam  condense 
and  turn  the  crust  soggy.  The  next  time  you  send  out  for  a pizza,  examine 
the  box.  Most  pizza  boxes  represent  a blend  of  these  two  properties — the 
lid  is  closed  to  keep  it  hot,  but  it  also  has  small  vents  to  allow  some  of  the 
steam  to  escape.  The  result  is  a compromise  solution.  The  pizza  gets  cold 
sooner  because  the  vents  let  cold  air  in,  and  the  pizza  gets  only  a little 
soggy  because  the  amount  of  condensed  moisture  is  limited. 

One  suggestion  for  solving  any  problem  that  involves  contradictions  is  to 
never  compromise;  instead,  devise  a solution  that  satisfies  all  of  the  desir- 
able properties  of  a good  solution.  Sure,  but  how?  in  the  pizza  box  prob- 
lem, Valdman  and  Tsourikov  (see  Patentstorm  #7678036  issued  2010) 
designed  a box  with  "dimples"  (raised  dots)  on  the  bottom  so  that  the 
moisture  would  condense  below  the  crust  and  not  on  it  while  trapping  hot 
air  below  the  pizza  to  serve  as  additional  insulation.  Valdman  and 
Tsourikov  have  designed  a computer-assisted  program  that  suggests  ways 
to  satisfy  contradictions  in  any  problem  without  compromising.  They 
culled  the  files  of  the  United  States  Patent  Office  and  discovered  over  200 
general  principles  that  can  be  used  alone  or  in  combination  to  solve  a wide 
range  of  problems.  The  program  begins  by  asking  for  a clear  definition  of 
the  type  of  problem  that  is  being  solved,  it  is  looking  for  general  principles 
(e.g.,  the  need  for  insulation  and  eliminating  condensation,  without  regard 
to  pizza).  Solutions  are  suggested  from  its  computerized  bank  of  solutions 
based  on  other  problems  that  involve  similar  sorts  of  contradictions.  They 
call  their  algorithm  (steps  used  to  solve  a problem)  the  Theory  of  Inventive 
Problem  Solving.  Although  their  advertisements  for  this  commercially- 
available  software  program  make  fantastic  claims  of  success,  additional 
studies  by  unbiased  researchers  are  needed  before  we  can  evaluate  its  effi- 
cacy. Using  their  basic  ideas,  we  can  all  imagine  an  optimal  solution  to  any 
problem  and  then  finds  ways  to  satisfy  seemingly  contradictory  properties 
of  the  optimal  solution. 

A set  of  problem-solving  guidelines  designed  especially  for  technical  prob- 
lems is  based  on  the  idea  that  contradictions  can  help  us  find  good  solu- 
tions for  problems  that  have  multiple  possible  solutions  (Moehrle,  2005, 
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2010).  For  example,  suppose  you  are  designing  a desk.  One  important 
property  is  that  it  have  lots  of  surface  space  for  your  stuff,  but,  on  the  con- 
trary (the  contradiction  part),  a large  area  takes  up  lots  of  space  and  can 
make  it  heavy.  Once  you  start  thinking  in  terms  of  contradictions,  you 
might  come  up  with  a desk  that  is  perforated  (to  make  it  lighter)  and  has 
extensions  that  can  be  removed  so  it  does  not  have  to  take  up  as  much 
space  at  times  when  you  need  less. 

Analogies  and  Metaphors 

We  can  scarcely  imagine  a problem  absolutely  new,  unlike  and  unre- 
lated to  any  formerly  solved  problem;  but  if  such  a problem  could  exist, 
it  would  be  insoluble,  in  fact,  when  solving  a problem,  we  should  al- 
ways profit  from  previously  solved  problems,  using  their  result  or  their 
method,  or  the  experience  acquired  in  solving  them. 

— George  Polya  (1945,  p.  92) 

Gick  and  Holyoak  (1980,  p.  306)  asked,  "Where  do  new  ideas  come  from?" 
Many  scientists  and  mathematicians  respond  that  their  ideas  or  solutions 
to  problems  come  from  recognizing  analogies  and  metaphors  drawn  from 
different  academic  disciplines,  in  fact,  it  seems  that  the  most  common 
form  of  inference  is  made  by  noting  similarities  (analogies  and  metaphors) 
between  two  or  more  situations.  Like  hints,  the  analogy  must  be  recog- 
nized as  relevant  to  the  problem  being  considered  and  then  modified  for 
the  particular  situation. 

Consider  the  following  problem: 

A small  country  fell  under  the  iron  rule  of  a dictator.  The  dictator  ruled 
the  country  from  a strong  fortress.  The  fortress  was  situated  in  the  mid- 
dle of  the  country,  surrounded  by  farms  and  villages.  Many  roads  radi- 
ated outward  from  the  fortress  like  spokes  on  a wheel.  A great  general 
arose  who  raised  a large  army  at  the  border  and  vowed  to  capture  the 
fortress  and  free  the  country  of  the  dictator.  The  general  knew  that  if  his 
entire  army  could  attack  the  fortress  at  once  it  could  be  captured.  His 
troops  were  poised  at  the  head  of  one  of  the  roads  leading  to  the  for- 
tress, ready  to  attack.  However,  a spy  brought  the  general  a disturbing 
report.  The  ruthless  dictator  had  planted  mines  on  each  of  the  roads. 
The  mines  were  set  so  that  small  bodies  of  men  could  pass  over  them 
safely,  since  the  dictator  needed  to  be  able  to  move  troops  and  workers 
to  and  from  the  fortress.  However,  any  large  force  would  detonate  the 
mines.  Not  only  would  this  blow  up  the  road  and  render  it  impassable. 
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but  the  dictator  would  then  destroy  many  villages  in  retaliation.  A full- 
scale  direct  attack  on  the  fortress  therefore  appeared  impossible.  (Gick  & 
Holyoak,  1980,  p.  351) 

To  help  you  solve  this  problem,  1 will  also  give  you  a hint.  The  solution  is 
analogous  to  one  discussed  earlier  in  this  chapter,  although  the  context  is 
entirely  different.  Stop  for  a few  minutes  and  attempt  to  work  on  this  prob- 
lem. Think  about  the  problems  presented  earlier.  It  should  help  if  you  draw 
a diagram. 

The  solution  to  this  problem  is  analogous  to  the  one  used  in  the  inoperable 
stomach  tumor  problem.  In  that  problem  (Duncker,  1945),  the  best  solu- 
tion involved  sending  weak  rays  through  the  body  simultaneously  from 
several  different  points  so  that  they  would  converge  on  the  tumor  as  de- 
picted below. 


Similarly,  the  army  could  be  divided  into  small  groups  that  would  attack  the 
fortress  from  all  sides.  Did  you  recognize  that  these  problems  were  essen- 
tially similar  in  form  and  could  be  solved  with  the  same  solution?  In  a study 
of  the  use  of  diagrams  as  an  aid  in  analogical  problem  solving,  Pedone, 
Hummel,  and  Holyoak  (2001)  found  that  by  animating  the  diagram  so  that 
the  arrows  moved  in  to  a central  point,  college  students  were  more  likely  to 
use  the  display  as  a retrieval  cue  that  helped  in  solving  the  x-ray  and  fortress 
problems.  It  seems  that  these  diagrams  work  best  when  problem-solvers 
have  their  attention  drawn  to  the  structure  of  the  problem  so  that  they  can 
recognize  that  these  two  types  of  problems  have  similar  structures,  even 
though  they  have  very  different  surface  characteristics  (content). 

Gordon  (1961),  originator  of  a group  called  "Synectics,"  presented  guide- 
lines for  the  use  of  analogies  in  solving  problems.  The  term  "Synectics"  was 
taken  from  a Greek  term  that  means  joining  together  different  and  appar- 
ently unrelated  elements.  Gordon  suggests  that  we  consider  four  different 
types  of  analogies  when  faced  with  a problem: 

Personal  Analogy.  If  you  want  to  understand  a complex  phenomenon, 
think  of  yourself  as  a participant  in  the  phenomenon.  For  example,  if  you 
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want  to  understand  the  molecular  structure  of  a compound,  think  of  your- 
self as  a molecule.  How  would  you  behave?  What  other  molecules  would 
you  want  to  attach  yourself  to?  Get  away  from  reliance  on  scientific  nota- 
tions and  actually  pretend  to  be  a molecule  bouncing  in  a compound.  You 
may  see  relationships  from  this  perspective  that  you  were  blind  to  when 
acting  as  a scientist. 

The  use  of  personal  analogies  is  especially  well-suited  for  solving  a wide 
range  of  conflict  problems.  If  each  side  of  a conflict  can  imagine  how  the 
problem  appears  to  the  other  side,  including  acceptable  goals,  new  solu- 
tions can  become  apparent.  Both  sides  can  identify  common  interests  and 
use  them  to  invent  options  that  they  both  find  acceptable. 

Direct  Analogy.  Compare  the  problems  you  are  working  on  with  several 
problems  in  other  domains.  According  to  Gordon,  this  method  was  used  by 
Alexander  Graham  Bell:  'Tt  struck  me  that  the  bones  of  the  human  ear  were 
very  massive  indeed,  as  compared  with  the  delicate  thin  membrane  that 
operated  them,  and  the  thought  occurred  that  if  a membrane  so  delicate 
could  move  bones  relatively  so  massive,  why  should  not  a thicker  and 
stouter  piece  of  membrane  move  my  piece  of  steel.  And  the  telephone  was 
conceived"  (Gordon,  1961,  p.  41). 

A particularly  fertile  area  for  analogies  is  biology,  where  many  solutions  to 
biological  problems  have  been  evolving  since  the  first  life  form  appeared 
on  Earth.  When  a Synectics  group  was  faced  with  the  problem  of  devising 
a bottle  closure  that  could  be  used  with  glue  or  nail  polish,  the  analogy 
they  used  was  the  biological  closure  of  the  anus  (rectum).  Apparently,  this 
solution  worked  quite  well.  (You  can  think  about  this  the  next  time  you  use 
a bottle  of  LePage's  mucilage,  or  maybe  you  would  prefer  not  to.) 

Symbolic  Activity.  This  solution  strategy  utilizes  visual  imagery.  Its  goal 
is  to  get  away  from  the  constraints  of  words  or  mathematical  symbols. 
Students  who  utilized  imagery  to  visualize  the  tumor  problem  and  the  for- 
tress problem  were  most  likely  to  notice  spontaneously  that  the  two  prob- 
lems were  analogous.  If  you  work  on  generating  a clear  image  of  a problem, 
you  may  "see"  a solution  that  had  been  overlooked. 

Fantasy  Analogy.  In  your  wildest  dreams,  what  would  you  want  of  a 
solution?  An  example  of  this  is  to  imagine  two  small  insects  that  would 
automatically  zip  your  jacket  or  a silk  worm  that  would  spin  silk  rapidly  to 
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keep  you  warm  when  the  temperature  drops.  These  are  fantasy  analogies. 
Like  brainstorming,  a fantasy  analogy  can  result  in  wild,  impractical  solu- 
tions that  can  later  be  modified  to  practical,  workable  ones. 

Although  it  is  clear  that  analogies  are  important  aids  in  problem  solving,  it 
is  rare  for  most  people  to  notice  a potential  analogy  spontaneously,  if  you 
are  able  to  diagram  the  underlying  relationships,  as  in  the  problem  above, 
or  to  state  the  general  rules,  as  in  the  contradictions  problem,  you  are  more 
likely  to  notice  structural  relationships  and  find  useful  analogies.  Recent 
research  suggests  that  when  people  are  told  to  think  about  the  way  a novel 
problem  is  like  a similar  problem  they  encountered  before,  people  may  be 
more  likely  to  be  successful  in  finding  analogous  solutions  (De  Acedo  Lizar- 
raga,  Baquedano,  & Closas,  2011). 

Consult  an  Expert 

If  at  first  you  don't  succeed,  try,  try,  again.  Then  quit.  No  use  being  a 

damned  fool  about  it. 

— W.C.  Fields  (quoted  in  Shapiro,  2011) 

Often  in  life,  we  do  not  have  to  solve  problems  alone.  Sometimes  the  best 
way  to  solve  a problem  is  to  let  experts  do  it  for  us,  or  at  least  help  us  with 
solving  the  problem.  People  seek  accountants  for  help  with  their  tax  prob- 
lems, attorneys  for  their  legal  problems,  and  physicians  for  their  health 
problems.  We  elect  officials  to  handle  the  problems  of  running  our  country 
and  rely  on  military  experts  to  wage  wars.  These  people  became  experts  in 
their  field  by  obtaining  the  appropriate  knowledge  in  their  subject  area  and 
through  repeated  applications  of  this  knowledge  to  real-world  problems. 
Consulting  an  expert  is  often  an  excellent  solution  strategy.  Their  greater 
experience  and  knowledge  will  allow  them  to  solve  many  problems  in  their 
area  of  expertise  much  more  efficiently  than  a novice.  If  you  decide  to 
consult  an  expert,  the  problem  becomes:  (a)  how  to  know  somebody  who 
is  an  expert,  and  (b)  how  to  select  which  "expert"  to  use.  Once  you  have 
passed  these  hurdles,  your  problems  still  are  not  over.  You  need  to  be  sure 
that  the  expert  has  all  of  the  facts  and  has  considered  all  of  the  relevant 
alternatives.  Listen  carefully  to  the  expert's  analysis  of  the  risks  and  alterna- 
tives, but  make  the  decision  yourself.  An  expert  is  a problem-solving  aid, 
not  the  solution.  For  some  guidelines  in  recognizing  an  appropriate  expert, 
consult  Carlson  (1995)  and  review  the  section  on  authorities  in  the  chapter 
on  reasoning. 
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Crowdsourcing 

If  calling  one  expert  is  a good  idea,  what  about  a lot  of  them?  This  is  the 
idea  behind  crowdsourcing,  which  is  posing  a job  or  a problem  to  a 
group  of  people,  usually  by  posting  it  to  the  internet.  The  idea  is  that  there 
are  a lot  of  talented  people  with  diverse  backgrounds  and  different  moti- 
vations who  will  work  on  a problem.  Internet  sites  are  quickly  evolving 
where  companies  post  problems  and  interested  problem-solvers  go  at  it. 
There  are  many  business  models,  but  for  the  most  part,  companies  pay  for 
good  solutions.  Innocenter  is  one  such  site.  (Many  similar  sites  are  being 
developed;  see  for  example,  IdeaConnection).  For  example,  Colgate- 
Palmolive  had  an  ornery  problem  that  eluded  their  in-house  scientists 
(Howe,  2006).  They  needed  to  inject  fluoride  powder  into  toothpaste 
tubes  without  dispersing  the  surrounding  air.  This  problem  was  quickly 
solved  by  someone  with  a master's  degree  in  particle  physics  who  loved  to 
tinker  with  problems  like  this  one.  The  solution:  "Impart  an  electric 
charge  to  the  powder  while  grounding  the  tube.  The  positively  charged 
fluoride  particles  would  be  attracted  to  the  tube  without  any  significant 
dispersion"  (Howe,  2006,  p.  2).  I do  not  know  what  this  means,  but  it 
sounds  good,  and  apparently  the  folks  at  Colgate-Palmolive  agreed  be- 
cause they  paid  the  problem-solver  $25,000.  The  advantage  of  crowd- 
sourcing is  that  it  attracts  people  with  a broad  range  of  information, 
experience,  and  knowledge. 

In  crowdsourcing,  individual  participants  work  alone.  But  in  real  life,  prob- 
lem solving  is  often  done  in  groups.  A recent  study  sheds  some  light  on 
what  makes  a group  "intelligent."  Psychologists  wanted  to  understand  the 
factors  that  make  some  groups  more  likely  to  solve  problems  than  others 
(Wooley,  Chabris,  Pentland,  Hashmi,  & Malone,  2010).  It  seems  that 
groups  have  a collective  intelligence,  which  depends  much  less  on  the 
average  intelligence  of  the  members  of  the  group  or  even  the  intelligence 
of  the  smartest  member  of  the  group  than  it  does  on  how  they  relate  to 
each  other.  Social  sensitivity  emerged  as  the  most  important  factor  for 
group  problem  solving,  which  included  being  sensitive  to  other  people's 
moods  and  taking  turns  in  allowing  all  members  of  the  group  to  speak.  The 
authors  suggest  that  we  might  have  better  outcomes  if  we  gave  groups  tools 
that  help  them  collaborate  (such  as  electronic  white  boards  or  wikis)  or  just 
explained  the  importance  of  these  group  skills.  It  is  too  early  to  say  if  these 
suggestions  will  work  to  make  groups  better  at  solving  problems,  but  it  is 
an  interesting  idea  that  might  be  worth  trying  if  you  are  working  on  an 
important  problem  in  a group  setting. 
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Select  the  Best  Strategy 

Twelve  different  strategies  have  been  presented  as  aids  in  problem  solving. 
When  confronted  with  a problem,  how  do  you  know  which  to  use?  it  is 
important  to  keep  in  mind  that  these  strategies  are  not  mutually  exclusive, 
it  will  often  be  best  to  use  them  in  combinations.  The  best  strategy  or  strate- 
gies depends  on  the  nature  of  the  problem.  After  all,  if  you  are  taking  an 
exam,  you  could  be  expelled  if  you  consult  the  paper  of  an  "expert"  student 
sitting  next  to  you. 

Along  with  each  strategy,  1 presented  some  guidelines  for  its  appropriate  use. 
in  general,  a few  higher-level  "strategies  for  selecting  strategies"  include: 

1.  if  the  problem  is  ill  defined,  restate  the  goal  or  the  problem  in  sev- 
eral different  ways. 

2.  When  there  are  very  few  possible  solutions,  a trial-and-error  ap- 
proach will  work  well. 

3.  if  a problem  is  complex,  try  simplification,  Means-Ends  analysis, 
and  generalization  and  specialization. 

4.  When  there  are  fewer  paths  leading  away  from  the  goal  than  there 
are  from  the  start  state,  work  backwards. 

5.  if  you  can  gather  additional  information,  do  it.  Look  for  and  utilize 
hints,  and  consult  experts  with  specialized  knowledge,  or  try  a di- 
verse group  of  problem-solvers  if  it  is  a problem  suitable  for 
crowdsourcing. 

6.  if  there  is  an  ordered  array  of  equally  likely  alternatives,  try  the 
split-half  method  and  seek  rules. 

7.  if  the  problem  is  a lack  of  possible  solution  paths,  brainstorm  with 
others  to  generate  alternative  solution  paths,  but  start  with  a silent 
phase  in  which  you  generate  solutions  alone. 

8.  Problems  in  design  and  engineering  are  good  candidates  for  devis- 
ing solutions  that  seem,  at  first,  to  require  contradictions  in  their 
solution.  Contradictions  can  help  with  personal  problems  as  well. 

9.  Using  analogies  and  metaphors  and  consulting  an  expert  are 
widely  applicable  to  all  sorts  of  problems,  but  be  prepared  to  use 
visualization  and  to  deliberately  seek  analogies  in  order  to  recall  an 
analogous  solution. 

10.  Remember  that  these  are  only  guidelines  to  solving  problems.  The 
best  way  to  be  an  expert  problem-solver  is  to  practice  solving  lots 
of  problems. 
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Problem-Solving  Problems 


Clinging  to  the  past  is  the  problem.  Enhancing  change  is  the  answer. 

— Gloria  Steinem  (1994) 

There  are  many  possible  reasons  why  people  find  some  problems  difficult, 
perhaps  even  impossible  to  solve.  Sometimes  we  are  stuck  in  "thinking 
ruts"  and  cannot  seem  to  think  our  way  of  them.  Two  of  these  "ruts"  are 
functional  fixedness  and  mental  set. 

Functional  Fixedness  and  Mental  Set 

Recall  the  two-string  problem  presented  earlier  in  this  chapter.  The  task  was 
to  grasp  simultaneously  two  strings  that  hung  from  the  ceiling.  The  correct 
solution  involved  setting  one  string  into  motion,  perhaps  by  tying  a heavy 
object  like  a pair  of  pliers  to  its  end  to  serve  as  a weight.  One  reason  why 
this  was  such  a difficult  problem  is  functional  fixedness.  Subjects  were  fix- 
ated or  "stuck"  on  the  usual  function  of  a pair  of  pliers  and  have  difficulty 
thinking  of  them  as  having  a different  function. 

Another  example  of  functional  fixedness  was  presented  in  the  introduc- 
tion (Chapter  1).  in  a classic  problem,  subjects  were  asked  to  attach  a candle 
to  the  wall  so  that  it  could  be  burned,  using  only  a box  of  thumbtacks  and 
some  matches.  Subjects  had  difficulty  thinking  of  the  box  as  a candle- 
holder  since  they  saw  it  in  terms  of  its  usual  function — a container  for 
thumbtacks.  But,  when  they  were  given  the  same  materials  with  each  of  the 
items  labeled,  including  a separate  label  for  the  box,  the  problem  was 
quickly  solved  by  most  of  the  participants  (Glucksberg  & Weisberg,  1966). 
Although  these  are  "old"  problems  in  psychology,  the  underlying  principles 
keep  getting  reinvented,  in  a recent  study  of  functional  fixedness,  McCaf- 
frey (2012)  found  that  during  problem  solving,  individuals  frequently  no- 
tice some  new  or  obscure  feature  of  the  problem  that  can  be  used  to  find  a 
solution.  He  recommends  that  when  we  get  stuck  on  a problem,  we  try  the 
generic-parts  technique,  which  requires  problems  solvers  to  repeatedly 
ask  two  questions:  1)  Can  this  be  decomposed  further?  2)  Does  this  descrip- 
tion imply  a use?  As  you  continue  to  decompose  (take  apart)  the  parts  of  a 
problem,  each  gets  smaller,  and  with  each  smaller  part,  the  problem-solver 
is  required  to  think  beyond  the  common  function  of  the  object.  So,  for 
example,  when  presented  with  a candle,  you  would  break  it  into  a wick  and 
wax.  The  wick  is  made  up  of  string  and  string  can  be  used  to  tie  things,  in 
this  way,  a candle  can  be  seen  as  an  instrument  for  tying  things,  which  is 
far  removed  from  its  usual  function  of  being  burned  to  provide  light. 
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Mental  set  refers  to  the  problem-solver's  state  of  mind.  It  is  a general  term 
for  the  inability  to  think  of  a new  solution  or  new  type  of  solution  for  fa- 
miliar problems.  1 think  of  functional  fixedness  and  mental  state  as  "ruts 
in  one's  thinking."  They  are  predispositions  to  think  and  respond  in  cer- 
tain ways.  To  demonstrate  how  powerful  some  sets  can  be,  work  on  the 
nine-dot  problem  in  Figure  9.15.  Stop  now  and  work  on  this  problem. 

The  difficulty  posed  by  the  nine-dot  problem  comes  from  a perceptual  set 
imposed  by  the  square  arrangement.  Most  people  attempt  to  solve  the 
problem  by  staying  within  the  imaginary  boundary  formed  by  the  outer 
dots,  if  you  extend  your  lines  beyond  this  imaginary  boundary,  you  will 
find  that  the  problem  is  easy  to  solve,  in  addition,  most  people  attempt 
solutions  in  which  the  line  goes  through  the  center  of  each  dot.  One  solu- 
tion to  the  nine-dot  problem  is  shown  in  Figure  9.16. 

There  are  several  other  solutions  to  the  nine-dot  problem.  Each  of  them 
involves  breaking-set  in  some  way.  Two  solutions  (Adams,  1979,  pp.  25-26) 
are  presented  in  Figure  9.17.  A few  other  more  exotic  solutions,  including 
one  submitted  by  a 10-year-old  girl,  which  consists  of  one  very  fat  line 
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Figure  9.1 5 The  nine-dot  problem.  Using  no  more  than  four  straight  lines  and  without 
lifting  your  pencil  from  the  paper,  draw  a line  through  all  nine  dots. 


Figure  9.16  One  possible  solution  to  the  nine-dot  problem.  Note  that  the  solution 
involves  breaking  "set."  Most  people  assume  that  the  lines  must  form  a square  and  that 
each  line  must  pass  through  the  center  of  each  dot. 
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Figure  9.17  Other  possible  solutions  to  the  nine-dot  problem.  Copyright  © 2001  James 
L.  Adams.  Reprinted  by  permission  of  Basic  Books,  a member  of  the  Perseus  Books  Group. 

drawn  through  all  nine  dots  can  be  found  in  Adams'  (1979)  gem  of  a book, 
Conceptual  Blockbusting.  The  set  of  staying  within  the  rectangular  area  is 
pervasive  and  difficult  to  break. 

Misleading  and  Irrelevant  Information 

My  father  used  to  love  this  riddle: 

Suppose  you  are  a bus  driver.  On  the  first  stop  you  pick  up  6 men  and  2 
women.  At  the  second  stop  2 men  leave  and  1 woman  boards  the  bus. 
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At  the  third  stop  1 man  leaves  and  2 women  enter  the  bus.  At  the  fourth 
stop  3 men  get  on  and  3 women  get  off.  At  the  fifth  stop  2 men  get  off, 
3 men  get  on,  1 woman  gets  off,  and  2 women  get  on.  What  is  the  bus 
driver's  name? 

Could  you  answer  this  question  without  rereading  the  problem?  The  bus 
driver's  name  is,  of  course,  your  name  because  the  riddle  began,  "Suppose 
you  are  a bus  driver."  All  of  the  information  about  the  rest  of  the  pas- 
sengers was  irrelevant.  Often  information  that  is  irrelevant  to  the  prob- 
lem serves  to  mislead  problem-solvers  down  dead-end  paths.  Real-life 
problems  often  involve  deciding  what  information  is  relevant.  To  avoid 
being  misled  by  information,  be  clear  about  the  goal  state.  Simplification 
will  sometimes  help  in  separating  the  relevant  from  the  irrelevant 
givens. 

Let's  try  another  example: 

If  you  have  black  socks  and  brown  socks  in  your  drawer  mixed  in  the 
ratio  of  4 to  5,  how  many  socks  will  you  have  to  take  out  to  make  sure 
of  having  a pair  of  the  same  color?"  (Fixx,  1978). 

Think  about  this  problem.  What  is  relevant?  What  is  irrelevant?  The  an- 
swer is  three  socks  because  any  two  must  match  if  there  are  only  brown  and 
black  socks.  The  information  about  the  ratio  of  socks  is  irrelevant  and  mis- 
leading. Imagine  yourself  actually  picking  socks  from  a drawer  and  this 
problem  will  be  easier  to  solve. 

A common  attribute  of  ill-defined  problems  is  that  they  potentially  in- 
volve a huge  amount  of  information.  Consider  the  very  real-world  prob- 
lems in  international  relations,  such  as  "How  can  we  influence  our  own 
government  so  that  it  reduces  air  pollution?"  or  "How  can  we  provide 
food  for  the  countless  numbers  of  people  who  go  hungry  in  our  own 
country  and  the  rest  of  the  world?"  (1  am  assuming  that  these  are  com- 
mon problems  for  many  countries  around  the  world.)  The  "problem," 
with  broad  problems  such  as  these,  requires  the  selection  of  information 
that  could  lead  to  the  desired  goal.  The  difficulty  with  problems  like 
these  is  not  the  absence  of  paths  to  the  goal,  but  in  too  many  possible 
paths.  Which  path  is  most  likely  to  be  the  best?  How  can  we  choose  from 
among  the  better  options?  There  are  no  simple  answers  for  these  ques- 
tions, which  is  why  we  continue  to  have  environmental  threats  and 
hunger. 
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World  View  Constraints 

Often,  we  fail  to  solve  problems  because  of  the  world-view  constraints 
placed  on  us  by  our  social  class,  nationality,  or  political  views.  Consider  the 
following  problem; 

A ping  pong  ball  1"  in  diameter  falls  into  a 3"  length  of  pipe  that  is 
1 1/8"  in  diameter.  The  pipe  is  firmly  affixed  to  the  concrete  pavement. 
It  is  extremely  important  to  remove  the  ball.  You  and  some  friends  are 
faced  with  this  task.  All  you  have  is  some  fine  wire  and  your  collective 
abilities  to  solve  this  problem.  What  do  you  do? 

Most  people  approach  this  task  by  attempting  to  bend  fine  wire  into  tweezers 
to  pluck  it  up.  A better  solution  is  to  urinate  into  the  pipe  so  that  the  ball  will 
float  to  the  top.  This  probably  never  occurred  to  you  because  it  is  not  an  ac- 
ceptable thought  for  most  people  in  our  society.  Although  this  has  never 
been  verified,  it  would  probably  be  an  easier  task  for  people  in  other  societies 
where  urination  is  not  considered  as  private  an  act  as  it  is  in  our  society. 

1 have  taught  critical  thinking  courses  in  many  countries  around  the  world. 
Although  there  are  universal  in  critical  thinking,  it  is  also  true  that  our  think- 
ing occurs  in  a culture,  and  culture  influences  the  kinds  of  problems  we  rec- 
ognize and  often  the  sorts  of  solutions  we  generate.  It  is  difficult  to  imagine 
the  effect  that  culture  has  on  the  way  we  think  without  an  extended  experi- 
ence in  a culture  other  than  the  one  you  know  best.  It  is  for  this  reason  that 
1 tout  the  educational  benefits  of  extended  foreign  travel.  It  can  change  your 
own  world  view  and  help  you  to  appreciate  the  extent  to  which  the  problems 
we  identify  and  the  solutions  we  generate  are  influenced  by  cultural  factors. 

Chapter  Summary 


• All  problems  can  be  conceptualized  as  being  composed  of  "anatomi- 
cal" parts  that  include  a start  state,  a goal  state,  and  paths  leading 
from  the  start  to  the  goal.  This  entire  structure  is  called  the  problem 
space.  You  have  a problem  when  there  is  a gap  or  barrier  between 
where  you  are  (start  state)  and  where  you  want  to  be  (goal  state). 

• Situation  awareness  refers  to  problems  that  occur  in  real-life  con- 
texts. A situation  triggers  the  recognition  that  there  is  a problem 
that  needs  to  be  solved. 
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• It  is  common  to  divide  the  problem-solving  process  into  four 
stages:  preparation  or  familiarization,  production,  judgment  or 
evaluation,  and  incubation.  Incubation  is  an  optional  stage  that 
does  not  always  occur,  but  there  is  good  evidence  that  people  can 
sometimes  solve  difficult  problems  during  a "time-out."  Grit, 
which  is  persistence  despite  failures,  fatigue,  and  boredom,  is  a 
critical  trait  of  good  problem-solvers. 

• Problems  can  be  classified  along  a continuum  ranging  from  well- 
defined  to  ill-defined.  Well-defined  problems  have  explicit  paths 
and  goals,  and  often  a single  correct  answer.  Ill-defined  problems 
are  subject  to  multiple  interpretations  and  judgments  about  the 
goal  state.  Most  of  the  problems  encountered  in  life  are  ill-defined. 

• Solution  strategies  need  to  be  planned.  A plan  for  solving  a prob- 
lem will  include  the  construction  of  a representation  and  the  gen- 
eration and  evaluation  of  possible  solutions. 

• An  invaluable  aid  in  solving  problems  is  to  devise  an  external  form 
of  representation.  The  best  representation  to  choose  will  depend  on 
the  type  of  problem. 

• Twelve  different  strategies  for  generating  and  evaluating  solutions 
were  presented.  Often  several  will  be  used  together  in  solving  a 
problem.  General  guidelines  were  offered  for  the  appropriate  use  of 
each. 

• There  are  four  common  sources  of  difficulty  that  problem-solvers 
encounter.  Functional  fixedness  refers  to  the  failure  to  utilize  items 
in  unusual  ways.  Mental  set,  which  is  closely  related  to  functional 
fixedness,  refers  to  the  predisposition  to  respond  to  any  situation 
in  a fixed  way.  Misleading  and  irrelevant  information  can  "derail 
one's  trail  of  thought"  and  can  lead  you  down  blind  paths.  The 
constraints  imposed  upon  us  by  our  society  cause  us  to  view  prob- 
lems from  our  own  narrow  frames  of  reference. 

The  skills  for  planning  how  to  solve  and  solving  problems  that  were  pre- 
sented in  this  chapter  are  applicable  to  almost  any  problem.  After  reading 
this  chapter,  you  should  be: 

• planning  and  monitoring  a strategy  for  finding  a solution 

• identifying  any  problem  as  either  well-defined  or  ill-defined  and 
adjusting  your  solution  plan  according  to  the  type  of  problem 
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• using  graphs,  diagrams,  hierarchical  trees,  matrices,  and  models  as 
solution  aids 

• devising  a quality  representation  of  a problem 

• selecting  the  problem-solving  strategies  that  are  appropriate  for  the 
problem 

• using  all  of  the  following  strategies:  mean-ends  analysis,  working 
backwards,  generalization  and  specialization,  random  search  and 
trial-and-error,  rules,  hints,  the  split-half  method,  brainstorming, 
contradiction,  analogies  and  metaphors,  and  consulting  an  expert 
and  crowdsourcing  (when  appropriate) 

• demonstrating  an  awareness  of  functional  fixedness  and  using  the 
generic-parts  technique  as  an  attempt  to  avoid  it 

• distinguishing  between  relevant  and  irrelevant  information 

• understanding  how  world  views  can  constrain  the  problem-solving 
process. 

• Recognizing  the  critical  role  of  persistence. 

Terms  to  Know 


You  should  be  able  to  define  or  describe  the  following  terms  or  concepts.  If 

you  find  that  you  are  having  difficulty  with  any  term,  be  sure  to  reread  the 

section  in  which  it  is  discussed. 

A Problem.  Problems  are  defined  as  states  where  there  is  a gap  or  barrier  between 
where  the  problem-solver  is  and  where  she  or  he  wants  to  be. 

Problem-based  learning.  A curriculum  in  which  students  are  presented  with 
problems  that  are  similar  to  ones  they  would  encounter  in  their  discipline  in- 
stead of  the  more  standard  classroom  practice  of  learning  concepts  first,  usually 
followed  by  applications  of  the  concepts. 

Anatomy  of  a Problem.  Newell  and  Simon  (1972)  have  conceptualized  all  prob- 
lems as  consisting  of  parts  or  components — an  initial  state,  a goal  state,  and 
solution  paths  that  link  the  initial  state  to  the  goal  state. 

Initial  State.  The  starting  or  beginning  place  in  a problem.  A problem  is  solved 
when  the  problem-solver  can  find  "paths"  from  the  initial  state  to  the  goal. 

Goal  State.  The  desired  end  state  in  a problem.  When  a problem-solver  finds 
"paths"  to  the  goal,  the  problem  is  solved. 

Solution  Patbs.  Methods  or  means  for  solving  problems.  Routes  that  lead  from 
the  initial  state  to  the  goal  state  in  a problem. 

Problem  Space.  All  possible  paths  from  the  initial  state  to  the  goal  state  in  a 
problem. 

Givens.  Information  or  rules  that  place  constraints  on  the  problem. 
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Situations.  In  a situation-awareness  framework  for  problem  solving,  a situation  is 
the  event  or  sequence  of  events  that  trigger  the  recognition  that  there  is  a 
problem.  Situations  occur  in  real-life  contexts. 

Preparation  of  Familiarization  Stage.  The  first  stage  in  problem  solving, 
which  includes  the  time  spent  in  understanding  the  nature  of  the  problem,  the 
desired  goal,  and  the  givens. 

Production  Stage.  The  second  stage  in  problem  solving.  During  this  state, 
the  problem-solver  produces  the  solution  paths  that  define  the  problem 
space. 

Judgment  or  Evaluation  Stage.  The  third  stage  in  problem  solving  during 
which  time  the  problem-solver  evaluates  the  solution  paths  in  order  to  select 
the  best  one. 

Incubation.  A period  in  problem  solving  when  the  problem-solver  is  not  actively 
working  on  the  problem.  Sometimes  people  report  that  a solution  comes  to 
them  during  this  "time  out"  period. 

Grit.  The  persistence  to  work  on  a problem  despite  disappointments,  boredom, 
and  failures. 

Insight.  Sudden  knowledge  of  a solution  to  a problem.  Also  known  as  the  Aha! 
experience. 

Well-Defined  Problems.  Problems  with  a well  defined  correct  answer,  often  a 
single  correct  answer. 

Ill-Defined  Problems.  Problems  with  many  possible  correct  answers.  The  diffi- 
culty with  these  problems  lies  in  evaluating  possible  solutions  to  decide  which 
one  is  best.  Often  the  goal  in  these  problems  is  vague  or  incomplete. 

Transcontextual.  A problem-solving  strategy  that  is  useful  in  many  contexts 
with  a wide  variety  of  problems.  An  example  of  a transcontextual  strategy  is  to 
state  the  goal  four  different  ways  whenever  a problem  is  encountered. 

Hierarchical  Trees.  Branching  diagrams  that  serve  as  a representational  aid  in 
solving  problems.  Instances  of  categories  provide  the  "nodes"  of  the  trees. 

Matrix.  A rectangular  array  of  numbers  or  facts  that  is  used  as  a means  of  repre- 
senting problems  that  contain  categories  of  information. 

Detour  Problems.  Problems  in  which  the  path  to  the  goal  is  not  a direct  linear 
one.  Intermediate  steps  are  required  that  seem  directly  opposite  to  the  goal. 

Subproblems.  When  difficulty  is  encountered  in  solving  a problem,  it  can  be 
broken  down  into  several  smaller  problems  or  "subproblems.” 

Subgoal.  When  difficulty  is  encountered  in  solving  a problem,  it  can  be  broken 
down  into  several  smaller  problems  called  "subproblems."  Each  subproblem 
has  its  own  goal,  called  a "subgoal." 

Means-End  Analysis.  A general  problem-solving  strategy  in  which  operations 
are  used  to  reduce  the  distance  between  the  problem-solver's  current  state  and 
the  nearest  possible  subgoal  or  goal. 

Working  Backwards.  A problem-solving  strategy  in  which  operations  are 
planned  that  move  from  the  goal  to  the  present  or  initial  state.  This  method  is 
usually  contrasted  with  the  forward-looking  strategy. 

Forward-Looking  Strategy.  A problem-solving  strategy  in  which  all  of  the 
planning  is  done  by  considering  operations  that  move  the  problem-solver 
closer  to  subgoals  and  the  goal.  This  method  is  usually  contrasted  with  working 
backwards  from  the  goal. 
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Generalization.  A problem-solving  strategy  in  which  the  problem  is  considered 
as  an  example  of  a larger  class  of  problems. 

Specialization.  A problem-solving  strategy  in  which  the  problem  is  considered  as 
a special  case  drawn  from  a larger  set  of  problems. 

Random  Search.  A problem-solving  strategy  in  which  all  possible  solution  paths 
from  the  initial  state  to  the  goal  are  considered  in  an  unsystematic  (random) 
manner.  This  method  is  usually  contrasted  with  trial-and-error  search. 

Trial-and-Error.  A problem-solving  strategy  in  which  all  solution  paths  from  the 
initial  state  to  the  goal  are  searched  systematically.  This  method  is  usually  con- 
trasted with  random  search. 

Rnles.  The  principles  that  underlie  some  problems.  For  example,  solutions  to 
problems  that  require  a prediction  of  the  next  element  in  a series  depend  on 
the  discovery  of  their  rules. 

Hints.  Additional  information  that  is  given  after  an  individual  has  begun  to  work 
on  a problem. 

Split-Half  Method.  A problem-solving  strategy  that  is  useful  when  there  is  no  a 
priori  reason  for  selecting  from  a sequentially  organized  set  of  possible  solution 
paths.  The  method  consists  of  continually  selecting  a point  that  is  halfway 
between  the  present  state  and  the  goal  as  a systematic  means  for  "guessing"  at 
the  solution. 

Brainstorming.  A group  or  individual  method  for  generating  solution  paths  for 
problems.  Problem-solvers  are  encouraged  to  think  up  wild,  imaginative  solu- 
tions and  to  defer  judgment  on  these  solutions  until  a later  time  when  they 
may  be  modified  or  combined.  Current  research  suggests  that  individuals 
should  brainstorm  individually  before  engaging  in  the  group  process.  The  goal 
is  to  produce  a large  number  of  possible  solutions. 

Contradiction.  A problem-solving  strategy  in  which  opposite  desirable  qualities 
are  considered  at  the  same  time,  such  as  the  need  to  have  a large  work  surface 
and  to  keep  overall  size  small. 

Analogies.  Problem-solving  strategies  in  which  similarities  are  noted  between  two 
or  more  situations,  while  simultaneously  discerning  that  there  are  also  differ- 
ences; for  example,  by  noting  similarities  between  two  different  problems,  the 
problem-solver  may  discover  that  similar  solutions  are  applicable. 

Personal  Analogy.  A problem-solving  strategy  suggested  by  Gordon  (1961)  in 
which  you  think  of  yourself  as  a participant  in  the  phenomenon  that  you  want 
to  understand. 

Direct  Analogy.  A problem-solving  strategy  suggested  by  Gordon  (1961)  in 
which  you  note  similarities  between  your  problem  and  related  problems  in 
other  domains. 

Symbolic  Activity.  The  deliberate  use  of  visual  imagery  or  other  symbolic  repre- 
sentation as  a problem-solving  aid. 

Fantasy  Analogy.  A problem-solving  strategy  suggested  by  Gordon  (1961)  in 
which  problem-solvers  utilize  their  imagination  to  conceptualize  ideal 
solutions. 

Crowdsourcing.  Problems  are  posted  to  a public  site  and  people  are  invited  to 
attempt  a solution. 
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Collective  Intelligence.  The  overall  intelligence  of  a group — often,  groups  excel 
at  problem  solving  when  the  members  are  sensitive  to  the  needs  and  abilities 
of  other  group  members. 

Functional  Fixedness.  A type  of  mental  set  in  which  individuals  only  consider 
the  usual  use  (function)  of  objects. 

Generic-parts  technique.  A way  of  overcoming  functional  fixedness  by  decom- 
posing each  component  of  a problem  into  smaller  parts. 

Mental  Set.  Predispositions  to  think  and  respond  in  a certain  way. 

World  View  Constraints.  Limitations  on  the  way  we  approach  problems  placed 
on  us  by  our  social  class,  nationality,  or  political  views. 
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The  history  of  civilization  is  essentially  the  record  of  man's  [and 
woman's]  creative  ability. 

— ^Alex  Faickney  Osborn  (1963,  p.  ix) 

You  have  probably  seen  water  dripping  from  an  air  conditioning  unit  on 
a hot  day  or  wiped  up  the  water  stain  left  on  a table  from  a cold  drink, 
but  you  probably  never  thought  how  the  processes  involved  in  conden- 
sation could  be  used  to  provide  water  in  areas  of  the  world  that  are  fac- 
ing drought.  Creative  thinkers  have  devised  ways  of  extracting  water 
from  the  humidity  in  the  air — the  process  involves  cooling  the  air  so  that 
the  water  can  be  collected.  This  is  apparently  an  old  idea  that  is  now 
feasible  with  modern  technology.  Several  companies  are  working  hard  to 
"make  water  from  air,"  a process  with  immense  ramifications — there  are 
billions  of  people  in  the  world  who  do  not  have  access  to  clean  drinking 
water.  Like  most  other  examples  of  creative  thinking,  it  seems  like  such  a 
simple  idea  to  extrapolate  from  something  we  have  all  seen,  but  the  leap 
to  move  beyond  the  nuisance  of  a wet  glass  stain  to  providing  water  for 
arid  regions  of  the  world  is  a prototypical  example  of  creative  thinking. 
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If  we  are  to  make  real  strides  in  boosting  the  creativity  of  scientists, 
mathematicians,  artists,  and  all  upon  whom  civilization  depends,  we 
must  arrive  at  a far  more  detailed  understanding  of  the  creative  process, 
its  antecedents,  and  its  inhibitors.  The  study  of  creativity  must  be  seen 
as  a basic  necessity. 

— Beth  A.  Hennessey  and  Teresa  M.  Amabile  (2010,  p.  570) 

Creativity  is  a difficult  word  to  define.  We  say  that  someone  "is  creative" 
when  she  has  produced  an  outcome  or  a product  that  is  both  unusual  and 
appropriate  (or  meaningful  or  useful  or  particularly  good).  Thus,  creativity 
is  defined  by  two  aspects  of  its  consequence  (novelty  and  quality)  and  not 
the  process  that  led  to  the  consequence  (Runco  & Jaeger,  2012). 
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Both  the  unusualness  and  appropriateness  criteria  require  judgments:  How 
unusual  is  the  idea  and  how  well  does  it  meet  some  objective?  Because  both 
of  these  criteria  vary  along  quantitative  dimensions,  creativity  exists  in 
degrees.  This  means  that  any  action  or  thought  can  be  more  or  less  cre- 
ative. Creativity  is  not  a single  trait  that  people  either  have  or  do  not  have. 
Creative  thinking  involves  cognitive  processes  that  occur  in  a context. 
These  processes  involve  novelty  in  one  or  more  of  the  processes  that  lead 
to  creative  outcomes — ways  of  identifying  that  a problem  exists,  defining  a 
problem,  generating  and  evaluating  possible  solutions,  and  judging  how 
uniquely  and  how  well  the  problem  is  solved. 

Suppose  that  you  are  invited  to  supper  at  your  friend  Hazel's  house.  You 
know  that  she  is  an  adventuresome  cook  and,  therefore,  you  look  forward 
to  the  meal  with  relish.  The  main  dish  is  an  original  concoction  of  hot 
dogs  and  fruit  salad  in  a cold  mustard  sauce.  (This  part  is  a true  story,  i was 
once  served  this  at  a friend's  house.)  The  coup  de  grace  is  a dessert  that 
she  made  on  her  new  ice  cream  maker — liver  and  broccoli  flavored  ice 
cream.  Although  these  are  unusual  dishes,  few  people  would  willingly  eat 
them.  Most  of  us  would  not  judge  these  culinary  delights  as  creative  be- 
cause they  do  not  satisfy  the  criterion  that  the  idea  or  product  be  good  or 
useful. 

it  is  easy  to  see  why  creativity  has  been  an  elusive  topic.  Someone  or  some 
group  must  judge  an  act  or  idea  as  unusual  and  good  or  useful  before  it  can 
be  labeled  creative,  and  there  will  often  be  disagreement  on  the  way  these 
attributes  are  judged.  Judgments  of  creativity  also  change  over  time  so  that 
a "zany"  idea  at  one  time  in  history  (e.g.,  the  earth  revolves  around  the  sun 
and  not  the  reverse)  may  come  to  be  viewed  as  "monumental"  at  some 
time  later. 

Prince  (1970,  p.  i)  offered  a somewhat  poetic  definition  of  creativity, 
which,  1 believe,  is  itself  creative.  Consider  his  definition: 

CREATIVITY:  an  arbitrary  harmony,  an  expected  astonishment,  a habit- 
ual revelation,  a familiar  surprise,  a generous  selfishness,  an  unexpect- 
ed certainty,  a formidable  stubbornness,  a vital  triviality,  a disciplined 
freedom,  an  intoxicating  steadiness,  a repeated  initiation,  a difficult 
delight,  a predictable  gamble,  an  ephemeral  solidity,  a unifying  differ- 
ence, a demanding  satisfier,  a miraculous  expectation,  an  accustomed 
amazement. 
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Gardner  (1989)  added  an  additional  requirement  to  the  definition  of  cre- 
ativity. He  wanted  creativity  to  include  the  idea  that  the  creative  individual 
regularly  solves  problems  or  fashions  products  that  are  creative.  This  addi- 
tional requirement  would  remove  "luck"  from  the  creative  process  because 
luck  or  random  actions  cannot  explain  regular  results.  However  we  choose 
to  define  creativity,  we  need  it,  and  we  all  possess  it  to  some  extent.  Our 
everyday  lives  are  more  pleasurable  because  of  our  creative  actions;  the  arts 
depend  on  it  for  their  existence;  science  and  mathematics  could  not  prog- 
ress without  it.  Every  time  we  express  a complex  thought  or  fill  a blank 
piece  of  paper  with  our  words,  we  are  creating;  when  we  do  it  particularly 
well  in  an  unusual  way,  then  we  are  creative. 

Lateral  and  Vertical  Thinking 

Vertical  thinking  is  concerned  with  digging  the  same  hole  deeper.  Lat- 
eral thinking  is  concerned  with  digging  the  hole  somewhere  else. 

— Edward  De  Bono  (1977,  p.  195) 

The  distinction  between  lateral  and  vertical  thinking  was  first  made  by 
De  Bono  (1968,  p.  11).  It  is  best  illustrated  with  a short  story  that  is  proba- 
bly an  old  fable  that  has  been  told  for  many  generations: 

Many  years  ago,  when  a person  who  owed  money  could  be  thrown  into 
jail,  a merchant  in  London  had  the  misfortune  to  owe  a huge  sum  to 
a money-lender.  The  money-lender,  who  was  old  and  ugly,  fancied  the 
merchant's  beautiful  teenage  daughter.  He  proposed  a bargain.  He  said 
he  would  cancel  the  merchant's  debt  if  he  could  have  the  girl  instead. 

Both  the  merchant  and  his  daughter  were  horrified  at  the  proposal. 
So  the  cunning  money-lender  proposed  that  they  let  Providence  de- 
cide the  matter.  He  told  them  that  he  would  put  a black  pebble  and  a 
white  pebble  into  an  empty  money-bag  and  then  the  girl  would  have 
to  pick  out  one  of  the  pebbles.  If  she  chose  the  black  pebble  she  would 
become  his  wife  and  her  father's  debt  would  be  cancelled.  If  she  chose 
the  white  pebble  she  would  stay  with  her  father  and  the  debt  would  still 
be  cancelled.  But  if  she  refused  to  pick  out  a pebble  her  father  would  be 
thrown  into  jail  and  she  would  starve. 

Reluctantly  the  merchant  agreed.  They  were  standing  on  a pebble- 
strewn  path  in  the  merchant's  garden  as  they  talked  and  the  money- 
lender stooped  down  to  pick  up  the  two  pebbles.  As  he  picked  up  the 
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pebbles,  the  girl,  sharp-eyed  with  fright,  noticed  that  he  picked  up  two 
black  pebbles  and  put  them  into  the  money-bag.  He  then  asked  the  girl 
to  pick  out  the  pebble  that  was  to  decide  her  fate  and  that  of  her  father. 

What  would  you  do  if  you  had  been  the  girl?  if  you  think  about  this  problem 
in  a careful,  logical,  straightforward  way,  you  are  using  vertical  thinking, 
a type  of  thinking  that  will  not  be  much  help  in  this  situation.  Typical  "verti- 
cal thinking"  answers  are:  let  the  girl  sacrifice  herself  or  expose  him  for  the 
crook  he  is.  Consider  DeBono's  suggested  solution:  The  girl  should  fumble 
when  she  draws  the  pebble  from  the  bag,  dropping  it  onto  the  pebble-strewn 
path.  She  should  then  tell  the  villain  that  they  can  determine  the  color  of 
the  pebble  she  took  by  seeing  the  color  of  the  one  left  in  the  bag.  Because 
the  remaining  pebble  must  be  black,  the  money-lender  will  be  forced  to 
admit  that  she  had  chosen  the  white  pebble  or  expose  himself  as  a crook. 

Virtually  everyone  agrees  that  this  is  both  a good  and  unusual  answer  to  the 
girl's  dilemma.  Lateral  thinking  is  a way  of  thinking  "around"  a prob- 
lem, amplifying  the  problem  space,  i.e.,  increasing  the  number  of  possible 
alternatives.  "Lateral  thinking  generates  the  ideas  and  vertical  thinking 
develops  them"  (De  Bono,  1968,  p.  6).  Lateral  thinking,  then,  is  sometimes 
used  as  a synonym  for  creative  thinking  or  idea  discovery,  while  vertical 
thinking  is  the  refinement  and  improvement  of  existing  ideas. 

The  world's  most  famous  fictional  detective,  Sherlock  Holmes,  often  exhib- 
ited lateral  thinking.  One  of  my  favorite  examples  was  Holmes'  response  to 
an  idea  by  his  faithful  assistant,  the  good  Dr.  Watson.  Watson  pointed  out 
that  a certain  dog  would  not  be  at  all  helpful  in  solving  a mystery  because 
the  dog  had  done  nothing  on  the  night  of  the  murder.  Sherlock  cleverly 
noted  that  the  dog  was  extremely  important  in  solving  the  mystery  pre- 
cisely because  he  had  done  nothing  on  the  night  of  the  murder,  because 
dogs  would  be  expected  to  bark  or  become  excited  at  the  sight  of  strangers 
or  of  violent  struggles. 

Creative  Genius  or  Pedestrian  Process? 

The  human  mind  treats  a new  idea  the  way  the  body  treats  a strange 
protein;  it  rejects  it. 

— B.  Medawar  (quoted  in  Byrne,  1988,  p.  16) 

Are  creative  individuals  qualitatively  different  from  the  rest  of  us,  or  do  we 
all  have  (to  some  extent)  what  it  takes  to  create  something  great? 
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Increasingly,  psychologists  have  come  to  believe  that  there  is  "nothing 
special"  about  creative  giants  like  Einstein,  Madame  Curie,  and  Mozart  and 
that  the  creative  process  can  be  understood  as  an  extension  of  common 
everyday  thinking  processes.  Weisberg  (1993)  championed  the  everyday 
view  of  creativity  in  his  analysis  of  the  antecedents  of  creative  thinking.  For 
example,  he  presented  a brief  biography  of  Alexander  Calder  (1898-1976), 
a popular  artist  who  is  best  known  for  his  brightly  colored  mobiles.  Calder 
invented  the  mobile  as  an  art  form.  As  a child,  Calder  used  wire  to  make 
jewelry  for  his  sister.  His  parents  were  artists  who  made  certain  that  he  had 
art  lessons  and  was  surrounded  with  both  sculpture  (his  father's  profession) 
and  drawings  (his  mother's  profession).  He  visited  the  studios  of  Piet  Mon- 
drian, an  abstract  artist  who  used  strong,  primary  colors  and  abstract  de- 
signs in  his  work.  It  is  easy  to  see  how  these  life  experiences  led  to  an  art 
form  in  which  brightly  colored  abstract  patterns  were  strung  together  and 
hung  in  space.  The  creative  act  was  the  assimilation  of  these  diverse  forms 
and  influences — one  that,  at  least  in  hindsight,  could  have  been  predicted 
from  Calder's  life  experiences. 

The  view  that  even  great  creative  products  can  be  produced  by  almost  any- 
one with  at  least  slightly  above-average  intelligence  and  expertise  in  a 
discipline,  is  gaining  in  popularity.  There  are  no  cognitive  abilities  that 
separate  creative  and  noncreative  people.  According  to  this  view,  most  of 
us  have  "what  it  takes"  to  be  highly  creative.  From  a cognitive  perspective, 
creative  thinking  uses  thought  processes  that  are  quite  ordinary.  We  can  all 
come  up  with  "novel  products  of  value"  (Weisberg's,  1993,  p.  4).  All  we 
need  to  do  is  learn  how — and  there's  the  rub! 

Sensitivity,  Synergy,  and  Serendipity 

Inspirational  thunderbolts  do  not  appear  out  of  the  blue.  They  are 
grounded  in  solid  knowledge.  Creative  people  are  generally  very  knowl- 
edgeable about  a given  discipline.  Coming  up  with  a grand  idea  without 
ever  having  been  closely  involved  with  an  area  of  study  is  not  impos- 
sible, but  it  is  very  improbable. 

—Ulrich  Kraft  (2007) 

Creativity  has  been  described  as  the  three  Ss:  sensitivity,  synergy,  and  ser- 
endipity (Fames,  Noller,  & Biondi,  1977).  Sensitivity  is  the  use  of  our 
senses,  our  "windows  to  the  world"  that  we  use  to  touch,  smell,  taste,  and 
see.  It  has  been  suggested  that  highly  creative  people  may  experience  the 
physical  world  with  greater  intensity  than  the  rest  of  us,  although  I do  not 


516  Creative  Thinking 


know  of  any  data  to  support  this  possibility.  It  does  seem  that  creative 
thinking  involves  the  "noticing"  or  remembering  of  some  critical  aspect  of 
the  environment  or  a problem  that  the  rest  of  us  overlooked.  One  of  the 
benchmarks  of  a creative  person  is  the  ability  to  find  problems  and  not  just 
solutions  to  them.  Look  at  Figure  10.1.  This  is  called  "Boring's  Wife-and- 
Mother-In-Law."  Can  you  guess  why?  Look  closely.  Can  you  see  both  an 
old  woman  and  a young  woman  in  the  picture? 

Count  the  prongs  on  Figure  10.2.  Do  they  disappear  as  you  count  them? 
This  is  an  impossible  figure — impossible  because  it  cannot  ever  exist,  ex- 
cept in  the  artist's  mind.  In  creating  each  of  these  figures,  the  artists  dis- 
played a sensitivity  to  details  that  is  both  unusual  and  appropriate.  Perhaps 
these  are  examples  of  heightened  sensitivity  to  visual  stimuli. 

Sensitivity  is  the  problem-finding  part  of  creativity.  Consider,  for  example, 
the  problem  of  children  unspooling  toilet  paper  from  the  roll.  I am  guess- 
ing that  many  readers  did  not  know  that  this  was  a problem,  but  people 


Figure  10.1  Boring's  Wife-and-Mother-in-Law.  Can  you  see  both  an  old  woman  and  a 
young  woman  in  this  picture? 
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Figure  10.2  An  impossible  figure.  Try  to  count  the  prongs. 

who  live  with  small  children  do,  and  most  of  them  shrug  and  mutter  that 
the  children  will  outgrow  their  love  for  this  activity.  But,  for  Tamara  Mono- 
soff,  the  unspooling  of  toilet  paper  by  children  was  a problem  in  need  of  a 
solution.  She  invented  a device  (loosely  based  on  the  design  for  a rod  that 
is  used  to  curl  hair)  to  solve  this  problem.  Her  investment  of  $50,000  to  get 
the  device  manufactured  and  to  market  paid  off  handsomely  when  she 
sold  the  rights  to  this  product  (and  others)  for  over  $100,000.  She  started 
the  web  site  Mom  invented  (http://www.mominventors.com/)  and  now 
has  over  20,000  followers  who  share  advice  for  creative  products. 

There  is  nothing  like  the  Invention  Convention  to  see  creative  problem 
solving  at  its  best — and  sometimes  at  its  funniest.  Hundreds  of  inventors 
from  around  the  world  compete  every  year  at  this  annual  convention  in 
the  hope  that  their  creative  invention  will  make  them  rich.  The  first  stage 
of  problem  solving  is  recognizing  that  a problem  exists,  and  every  product 
at  the  convention  is  designed  to  solve  a problem  that  the  inventor  has 
identified  (often,  however,  the  problem  is  like  the  unfurling  of  toilet 
paper — one  that  most  of  us  never  recognized  as  problematic).  Identifying 
problems  is  not  as  easy  as  you  might  think. 

What  have  modern-day  inventors  come  up  with?  The  variety  of  products 
displayed  at  the  Invention  Convention  includes  an  electronic  wristband 
that  can  send  a secret  signal  from  a baseball  coach  to  team  members  to 
communicate  the  next  play  without  allowing  the  opposing  team  to  figure 
out  what  the  signal  means.  Another  invention  was  a large  stick  with  a flat 
disk  on  the  end  that  was  designed  to  be  placed  over  an  overflowing  trash 
can  and  pressed  down.  Another  creative  invention  is  a toe  stub  protector 
that  fits  around  the  leg  of  any  piece  of  furniture  on  which  you  are  likely  to 
stub  your  toe.  There  is  also  a large  device  that  fits  over  the  ear  to  prevent 
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tiny  hearing  aids  from  falling  out.  (Hearing  aids  are  designed  to  be  tiny  so 
they  will  be  inconspicuous;  the  large  device  designed  to  keep  them  from 
falling  out  does  exactly  the  reverse.)  And  another  is  a terry  slip  cover  that 
goes  over  the  back  of  toilets  makes  them  softer  and  more  comfortable,  like 
a couch.  These  are  only  a few  of  the  products  developed  by  modern  inven- 
tors, all  of  whom  are  looking  for  investment  capital  so  their  product  can 
pull  in  the  big  bucks  from  prospective  investors.  In  past  years,  products 
have  included  bedroom  slippers  with  headlights  (to  avoid  the  stubbed  toe 
problem),  dual-headed  toothbrushes  that  brush  both  sides  of  your  teeth  at 
the  same  time,  and  people-shaped  crackers  to  feed  to  your  dog  and  other 
pets.  If  any  readers  get  inspired  from  this  chapter  and  invent  a product  that 
actually  makes  money  or  solves  an  important  problem,  remember  me  on 
your  way  to  the  bank.  I would  love  to  hear  about  it. 

Synergy  is  the  bringing  together  of  seemingly  disparate  parts  into  a useful 
and  functioning  whole.  It  is  close  to  Koestler's  (1964)  notion  of  bisocia- 
tive  thinking  in  which  two  previously  unconnected  "frames  of  refer- 
ence" are  amalgamated.  If  you  can  take  ideas  from  different  domains  and 
bring  them  together  so  that  they  work  successfully  in  a new  context,  you 
have  demonstrated  synergy.  Examples  of  synergy  can  be  found  in  the  brief 
biography  of  Calder,  which  was  presented  earlier,  who  brought  together  his 
experiences  with  wire  objects,  bright  colors,  and  abstract  drawing  to  create 
his  wildly  popular  mobiles,  and  in  the  description  of  devices  that  make 
water  from  the  condensation  of  air.  The  creativity  lies  in  finding  bridges 
between  two  different  domains  of  knowledge. 

According  to  von  Oech  (1983),  Johannes  Gutenberg  conceived  of  the  print- 
ing press  by  combining  two  previously  unconnected  ideas — the  wine  press 
and  the  coin  punch.  The  purpose  of  the  coin  punch  was  to  leave  an  impres- 
sion on  a small  area  such  as  a coin.  By  contrast,  the  wine  press  applied 
pressure  over  a large  area  in  order  to  squeeze  the  juice  out  of  grapes.  One 
day  Gutenberg  put  the  coin  punch  under  the  wine  press  and  found  that  he 
could  get  images  on  paper.  This  simple,  but  original,  combination  resulted 
in  the  printing  press  and  literally  changed  the  world  by  making  books 
widely  available. 

Gordon  (1961)  suggested  that  one  way  to  promote  creativity  is  to  bring 
people  from  diverse  fields  together  to  find  problems  and  to  create  solu- 
tions, the  two  mainstreams  of  the  creative  process.  The  idea  behind  this 
recommendation  is  that  in  order  to  bring  together  diverse  ideas,  you  need 
to  have  a broad  range  of  experiences  and  knowledge.  One  argument  for  a 
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liberal  arts  education  is  that  it  provides  the  breadth  of  knowledge  needed 
to  view  the  world  from  different  perspectives  and  to  permit  the  combina- 
tion of  ideas  across  domains  of  knowledge,  in  a thoughtful  review,  Mannix 
and  Neale  (2005)  found  that  when  individuals  are  exposed  to  minority 
opinions  in  diverse  groups,  they  “think  in  a divergent  way,  and  are  more 
likely  to  detect  novel  solutions  or  come  to  new  decisions"  (p.  47),  but  the 
effect  depends  on  the  way  in  which  groups  are  diverse  (with  the  best  out- 
comes when  group  members  differ  in  education  or  personality)  and 
whether  or  not  the  group  process  is  carefully  controlled  (with  best  out- 
comes from  groups  that  honor  the  opinions  of  all  participants  and  do  not 
push  for  conformity).  Thus,  recent  research  suggests  that  the  idea  that  di- 
verse groups  will  be  more  creative  than  homogeneous  groups  is  supported, 
but  only  under  certain  conditions. 

Serendipity  is  an  unexpected  discovery  that  is  unplanned.  Biographies  of 
great  scientists  often  contain  accounts  of  serendipitous  events,  some  of 
which  seem  preposterous,  i have  often  felt  that  focusing  on  serendipity  did 
the  scientist  a great  injustice.  A new  miracle  drug  may  have  been  the  result 
of  an  accidental  spill,  but  it  was  the  prepared  scientist  who  could  appreciate 
the  results  of  the  accident  that  created  the  drug.  The  scientist  was  able  to 
select  the  relevant  information  from  the  accident  so  that  it  could  be  used 
in  a novel  way  instead  of  simply  labeling  it  a mistake  and  forgetting  about 
it.  Although  serendipity  may  have  contributed  to  a creative  act,  the  persis- 
tence, motivation,  and  hard  work  on  the  part  of  the  creator  allowed  the 
serendipitous  event  to  occur.  Serendipity  may  play  a role  in  great  scientific 
discoveries,  but  such  fortuitous  "accidents"  seem  most  likely  to  occur  in 
the  laboratory  at  2 A.M. 

Several  websites  have  emerged  to  foster  the  exchange  of  novel  ideas  with 
the  goal  of  increasing  creative  products  and  solutions.  Kaneko:  Open  Space 
for  Your  Mind  (thekaneko.org),  for  example,  lists  a variety  of  such  innova- 
tions, including  an  umbrella  with  lights  so  that  you  can  be  seen  on  a rainy 
night  and  a box  that  can  be  used  by  toddlers  when  they  are  painting  or 
doing  other  messy  activities  so  that  the  mess  can  be  folded  up  when  they 
finish.  Creative  individuals  in  several  parts  of  the  world  (including  rural 
areas  of  the  Philippines  and  India)  solved  the  problem  of  dark  housing  with 
the  use  of  soda  bottles  filled  with  water  (Global  Envision,  2011).  Electricity 
is  expensive  and  often  unavailable  to  many  poor  people  around  the  world. 
Soda  bottles  filled  with  water  (and  a bit  of  bleach)  are  installed  through  a 
hole  in  tin  roofs  to  let  in  daylight.  This  innovation,  which  has  been  attrib- 
uted to  Alfredo  Moser  from  Brazil,  is  bringing  sustainable  lighting  to 
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interior  places  that  have  been  dark  for  many  decades.  This  remarkably 
simple  and  cheap  solution  is  literally  lighting  the  lives  of  millions  of  people 
around  the  world. 

Jokes,  puns,  and  witticisms  could  also  be  considered  as  a form  of  creative 
expression.  A joke  brings  together  two  ideas  that  are  not  usually  combined: 
Did  you  hear  the  one  about  the  two  former  schoolmates  who  meet  unex- 
pectedly for  the  first  time  in  25  years?  As  they  caught  up  on  the  details  of 
their  lives,  one  asked  the  other  if  he  had  any  children.  Sorrowfully  he  re- 
plied, "Yes,  one  living  and  one  married."  The  listener  was  expecting  the 
phrase  "one  living  and  one  dead"  and  the  surprise  juxtaposition  of  "living 
and  married"  is  the  humorous  element  in  this  joke.  Laughter  is  often  the 
response  to  original  ideas  also.  The  surprising  combination  of  elements 
(synergy)  makes  for  good  jokes  and  creative  ideas. 

Creativity  as  Investment  Theory:  Buy  Low;  Sell  High 

Even  companies  that  pride  themselves  on  their  encouragement  of 
wacky,  creative  thinkers-outside-the-box  require  them  to  be  wacky 
and  creative  in  the  right  sort  of  way — and  to  think  outside  the  appro- 
priate box. 

— Peter  Martin  (2001,  July  17,  p.  10) 

Suppose  you  were  to  decide  right  now  to  "do  something  creative."  Where 
and  how  would  you  begin?  Would  you  search  popular  and  scholarly  media 
to  identify  emerging  trends,  such  as  the  development  of  smaller  comput- 
ers, more  powerful  drugs,  or  faster  means  of  transportation  and  apply  your 
knowledge  and  skills  in  one  of  these  areas?  If  so,  then  you  would  be  exhib- 
iting a not-very-creative  approach  to  deciding  which  ideas  or  products  to 
pursue.  Sternberg  and  Lubart  (1996)  maintain  that  creative  people  make 
unusual  decisions  about  the  topics  and  products  in  which  they  are  willing 
to  invest  their  own  time  and  effort;  those  of  us  who  are  not  recognized  as 
creative  may  have  made  errors  in  selecting  a topic  that  is  not  worth  pursu- 
ing. Creative  people  work  on  topics  that  are  unpopular  at  the  time;  they 
make  creative  contributions  to  the  field,  and  then  move  on  to  another 
unpopular  topic.  In  this  way,  creativity  is  like  the  classic  mantra  of  finance, 
"buy  low;  sell  high."  In  other  words,  creative  people  invest  in  unpopular 
topics  (topics  where  there  is  low  interest)  and  move  on  to  another  unpopu- 
lar topic  when  the  first  one  gains  in  popularity  (leave  the  area  when  inter- 
est is  high).  The  definition  of  creativity  requires  "something  unusual,"  so 
creative  people,  by  definition,  buck  the  crowd  instead  of  following  it. 
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The  investment  theory  of  creativity  addresses  an  important  question  in  the 
world  of  ideas — ^what  is  worth  thinking  about?  In  the  chapter  on  problem 
solving,  the  problem  finding  (or  identifying)  is  similar  to  the  idea  of  decid- 
ing how  to  invest  cognitive  resources.  Finding  the  right  problem  to  solve 
(or  a problem  worth  solving)  is  at  least  as  important  as  deriving  a successful 
solution.  Problem  solving  and  creativity  are  closely  related  topics.  Creative 
problem-solvers  (and  finders)  will  have  knowledge  about  the  topic,  suffi- 
cient intellectual  ability  (i.e.,  intelligence),  an  encouraging  environment, 
an  appropriately  flexible  thinking  style,  a personality  that  is  open  to  new 
ideas,  and  the  motivation  to  persist  at  a task. 

Creativity  as  a System 

A scientific  theory  or  other  product  is  creative  only  if  the  innovation 

gains  the  acceptance  of  a field  of  experts  and  so  transforms  the  culture. 

— Jeanne  Nakamura  and  Mihaly  Csikszentmihalyi 

(2001,  p.  337) 

Creativity  will  involve  more  than  just  knowledge  about  a field  or  the  willing- 
ness to  propose  a novel  idea.  There  are  many  different  ways  of  examining 
this  strange  creature  we  call  "creativity."  Some  psychologists  have  adopted  a 
systems  approach  to  creativity,  which  means  that  they  believe  it  is  the  con- 
fluence of  many  different  types  of  variables  that  make  creativity  more  or  less 
probable.  Of  course,  the  creative  individual  is  central  to  the  process,  but  she 
or  he  works  in  a domain  of  knowledge  (e.g.,  art,  physics,  decorating,  teach- 
ing, horse  breeding,  and  any  other  domain  you  can  think  of).  The  contribu- 
tions of  an  individual  to  a domain  are  judged  by  the  people  in  that  field — the 
art  critics,  funding  agencies  for  physics  research,  editors  of  decorating  maga- 
zines, etc.  The  people  in  the  field  act  as  the  gatekeepers  for  a domain — they 
decide  what  is  and  is  not  valued.  Docents  in  art  museums  often  tell  stories 
of  artists  who  died  penniless  because  their  unusual  style  was  not  recognized 
as  genius  until  after  their  death.  Of  course,  they  never  mention  those  dead, 
penniless  artists  whose  art  is  still  not  recognized  as  having  value — and  may 
never  be.  The  role  of  the  gatekeepers  to  a domain  is  critical  in  understanding 
creativity  because  these  influential  people  can  spur  creativity  or  stifle  it,  de- 
pending on  their  own  views  of  what  is  novel  and  appropriate  for  their  do- 
main. In  a fascinating  case  study  of  these  influences,  Nakamura  and 
Csikszentmihalyi  (2001)  recounted  an  interview  with  Linus  Pauling,  a scien- 
tist who  won  a Nobel  Prize  for  his  work  in  the  fields  of  organic  chemistry 
and  nuclear  disarmament,  and  ignoble  scorn  for  his  work  on  the  role  of  Vi- 
tamin C in  preventing  colds.  This  fascinating  account  emphasizes  the  im- 
portance of  variables  that  are  beyond  the  control  of  a creative  individual. 
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Creativity  as  a Group  Process 

None  of  us  is  as  smart  as  all  of  us. 

— Japanese  proverb 

Sawyer  (2007)  talks  about  group  genius — the  creativity  that  results  when 
people  from  diverse  backgrounds  come  together.  As  described  earlier,  the 
role  of  group  diversity  on  creativity  depends  on  many  variables,  including 
the  type  of  diversity  and  how  the  group  operates  (Mannix  & Neale,  2005). 
Sawyer  describes  creativity  as  a continuous  process  of  small  and  constant 
change.  Successful  companies  are  always  changing — they  are  open  to  cre- 
ativity. Recall  from  the  chapter  on  decision  making  that,  under  some  cir- 
cumstances, groups  can  make  better  decisions,  but  this  outcome  depends 
on  making  sure  that  the  group  understands  that  the  process  of  deciding  as 
a group  can  lead  to  overconfidence  and  to  the  tendency  to  require  unanim- 
ity (Hastie,  2006).  Group  members  need  to  be  able  to  voice  their  dissent 
and  to  come  up  with  new  ideas  instead  of  making  the  group  rush  to  una- 
nimity. This  conclusion  is  supported  by  research  by  Svensson,  Norlander, 
and  Archer  (2002),  who  found  that  groups  tend  to  produce  more  creative 
responses  than  participants  working  alone.  Most  creative  work  is  done  in 
organizations  with  two  or  more  people  working  together  (Thompson  & 
Choi,  2006).  Hargadon  and  Bechky  (2006)  listed  four  patterns  of  behavior 
that  can  move  teams  beyond  individual  creativity:  1)  seeking  help,  2)  giv- 
ing help,  3)  reframing  a situation,  and  4)  reinforcing  responses.  If  you  want 
to  enhance  group  creativity,  is  it  important  to  structure  the  group  interac- 
tions so  that  members  are  free  to  ask  for  and  give  help,  and  they  are  en- 
couraged to  reframe  the  situation  and  reinforce  each  other's  responses. 
Recall  from  the  chapter  on  problem  solving  that  reframing  a problem  is  a 
critical  step  in  finding  solutions. 

Creativity  as  a Cognitive  Process 

The  man  with  a new  idea  is  a Crank  until  the  idea  succeeds. 

— Mark  Twain  (1897;  aka  Samuel  L.  Clemens) 

If  the  creative  act  is  "nothing  special,"  then  we  should  be  able  to  under- 
stand it  and  predict  when  it  will  occur  using  a common  cognitive  frame- 
work. Several  different  psychologists  have  suggested  that  creativity  is  as 
"simple"  as  problem  solving,  except  that  the  problem  or  the  solutions  are 
novel  and  appropriate.  According  to  this  view,  creative  thinking  is  a multi- 
stage process  that  consists  of  identifying  a problem,  deciding  what  is 
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important  about  the  problem,  and  arriving  at  a novel  way  of  solving  it. 
"Creativity"  brings  together  many  topics  that  have  been  addressed  in  ear- 
lier chapters;  yet,  it  is  also  more  elusive  and  mysterious  because,  by  defini- 
tion, we  cannot  tell  anyone  how  to  create  the  "unusual."  What  makes  the 
processes  of  identifying  problems,  searching  for  solutions,  selecting  the 
most  promising  ones,  and  conveying  the  outcome  creative? 

Stretching  and  Rejecting  Paradigms 

A paradigm  is  an  example  that  is  used  as  a pattern.  In  psychology,  it  usu- 
ally refers  to  an  experimental  set-up.  In  this  context,  it  is  used  to  mean  "a 
usual  way  of  thinking  or  responding."  Consider  this  example:  Suppose  that 
you  are  a manufacturer  of  golf  clubs.  Like  all  manufacturers,  you  want  to 
sell  more  golf  clubs.  Paradigmatic  thinking  about  this  problem  might  lead 
you  to  increase  your  advertising  budget  so  that  advertisements  for  your 
golf  clubs  reach  more  people  (McFadzean,  2000).  If  you  stretch  the  para- 
digm, you  might  start  to  think  that  instead  of  reaching  more  people  with 
your  advertisements,  you  want  to  target  buyers  of  golf  clubs,  so  you  would 
plan  your  advertising  to  reach  fewer  people,  but  a more  select  group.  If  you 
reject  the  paradigm,  you  change  the  nature  of  the  problem  that  is  being 
solved.  Callaway  Golf,  a U.S.  manufacturer  of  golf  clubs  did  exactly  that 
(Kim  & Mauborgne,  1999)  with  their  creative  idea — "Big  Bertha  Golf 
Clubs."  What,  you  don't  know  about  Big  Bertha?  Instead  of  making  golf 
clubs  that  would  compete  with  other  well-known  brands  of  golf  clubs,  they 
made  new  golf  clubs  aimed  at  a new  golf-playing  audience — people  who  do 
not  play  golf. 

The  creative  people  at  Calloway  thought  about  all  of  the  people  at  coun- 
try clubs  who  play  tennis  instead  of  golf  because  these  tennis  players  find 
the  idea  of  using  a tiny  club  to  hit  a tiny  ball  too  daunting  a task.  After 
all,  the  head  of  a tennis  racket  is  much  larger  than  the  head  of  golf  club, 
so  it  should  be  easier  to  hit  a tennis  ball  with  the  large  head  of  a tennis 
racket  than  a tiny  golf  ball  with  a small  head  of  a golf  club  (other  things 
being  equal,  which  of  course,  they  are  not).  Callaway  saw  a business  op- 
portunity that  no  one  had  seen.  A golf  club  with  a large  head  makes 
playing  golf  less  difficult  and  more  fun  for  people  who  do  not  play  golf. 
Thus,  they  combined  the  larger  head  of  the  tennis  racket  with  the  shaft 
of  a golf  club  to  create  Big  Bertha — a profitable  move  that  expanded  the 
market  for  golf  clubs.  This  creative  act  involved  rejecting  the  business-as- 
usual  paradigm. 
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The  Problem  of  Problem  Definition 

All  of  our  great  inventors  were  problem  finders.  They  recognized  problems 
that  the  rest  of  the  world  never  saw.  For  example,  why  did  people  need 
electric  lights  when  gas  worked  well,  or  why  should  we  even  want  to  travel 
in  a metal  box  propelled  with  a new-fangled  engine  when  horses  were 
more  reliable  (at  that  time)?  We  all  studied  the  great  inventors  of  the  past, 
people  like  Benjamin  Franklin,  George  Washington  Carver,  and  Thomas 
Edison.  Present-day  inventors  also  find  problems.  What  can  we  learn  from 
these  and  other  creative  successes? 


Selecting  Relevant  Information 

Virtually  every  creative  act  involves  a novel  way  of  defining  a problem  and 
selecting  information  that  is  relevant  to  reaching  the  goal.  We  usually 
think  of  creativity  in  the  arts  and  sciences,  but  it  can  and  should  exist  in  a 
host  of  everyday  settings  that  range  from  planning  your  finances  so  that 
your  money  lasts  until  the  end  of  the  month  to  getting  your  teacher  to  ac- 
cept a late  paper. 

Consider  a couple  seeking  marriage  counseling.  The  wife  complains  that 
her  husband  spends  too  much  time  at  work,  and  if  he  really  loved  her,  he 
would  spend  more  time  at  home.  The  husband  complains  that  he  has  a 
great  deal  of  pressure  at  the  office  and  that  he  has  to  work  long  hours  to 
"get  ahead."  If  his  wife  loved  him  more,  she  would  understand.  There  are 
multiple  possible  ways  to  define  their  problem.  They  could  pose  the  prob- 
lem as:  "Should  we  get  a divorce?"  But,  other  possible  problem  definitions 
include:  (a)  How  can  we  find  ways  to  spend  more  time  together?  (b)  How 
can  we  assure  each  other  that  we  are  still  in  love?  (c)  How  can  the  husband 
"get  ahead"  while  spending  less  time  at  work?  (d)  How  can  they  learn  to 
adjust  to  the  present  situation?  (e)  is  "getting  ahead"  an  important  goal? 
(f)  What  can  the  wife  do  so  that  she  does  not  feel  lonely  and  resentful 
when  her  husband  is  at  work? 

if  you  consider  the  problem  for  a few  more  minutes,  you  can  come  up  with 
many  other  problem  definitions.  The  nature  of  the  solution  will  change 
every  time  the  problem  is  redefined.  The  selection  of  relevant  information 
to  help  you  reach  a goal  is  related  to  your  knowledge  of  the  problem  space 
(topic),  in  this  example,  you  would  need  to  know  more  about  the  couple 
to  help  them  find  a good  solution.  Suppose  that  you  know  that  the  wife  is 
an  aspiring  artist.  You  could  suggest  that  she  pursue  her  art  interests  so  that 
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she  would  feel  less  lonely  and  deserted.  Alternatively,  if  you  know  about 
the  availability  of  other  jobs  for  the  husband,  you  could  suggest  that  he 
change  jobs.  In  fact,  some  therapists  who  have  adopted  this  technique  re- 
port that  they  can  help  families  overcome  destructive  conflicts  by  teaching 
them  how  to  discover  creative  solutions  to  their  interpersonal  problems. 

Lateral  thinking  or  "thinking  around  a problem"  is  really  just  another  term 
for  "redefining  the  problem."  in  the  story  about  the  clever  girl  who  knew 
she  was  being  offered  two  black  pebbles,  she  did  not  conceptualize  the 
problem  as  "What  should  1 do  when  1 pick  the  black  pebble?"  instead,  she 
redefined  the  problem  as  "How  can  1 avoid  the  appearance  that  1 picked  up 
the  black  pebble?"  it  is  not  so  much  "thinking  around  the  problem"  as  it 
is  redefining  the  problem  so  that  it  can  be  solved  in  a favorable  way.  This 
point  was  also  made  in  the  previous  chapter  on  problem  solving.  By  focus- 
ing on  the  fact  that  the  pebbles  on  the  path  were  black  and  white,  and 
therefore,  she  could  drop  one  without  it  being  identified,  the  heroine  of 
this  short  story  was  able  to  generate  a novel  solution. 

Generation,  Exploration,  and  Evaluation 

Creativity  is  a puzzle,  a paradox,  some  say  a mystery. 

— Margaret  A.  Boden  (1990,  p.  vii) 

if  creative  thinking  is  just  a variant  of  everyday  problem  solving,  then  there 
should  be  general  principles  that  can  be  applied  across  domains  of  knowl- 
edge. Are  the  creative  dancer,  scientist,  teacher,  and  writer  all  using  the 
same  sorts  of  processes  in  their  creation,  despite  the  fact  that  they  are  using 
different  modes  of  expression  with  very  different  problems?  Although 
there  are  obvious  differences,  they  all  have  to  generate  possible  solutions 
to  their  problem  and  explore  the  "problem  space,"  a term  that  was  defined 
in  the  problem-solving  chapter  as  all  of  the  possible  goals  and  ways  of  get- 
ting from  the  start  point  to  the  goal.  Finke,  Ward,  and  Smith  (1992)  have 
posited  a two-phase  model  that  they  call  geneplore,  named  for  the  re- 
peated cycles  of  generation  and  exploration  that  are  part  of  every  problem- 
solving process.  Creative  individuals  need  to  be  involved  and  committed 
so  that  they  continue  the  processes  long  enough  to  allow  a creative  solu- 
tion to  emerge.  Evaluation  is  also  a creative  act  because  the  problem-solver 
must  be  able  to  recognize  when  a good  solution  has  been  obtained.  Effec- 
tive evaluation  is  needed  to  terminate  the  process  or  the  problem-solver 
can  be  caught  in  unending  loops  of  exploration  and  generation.  Notice 
that  a problem-solving  view  of  creativity  also  entails  all  of  the  other  stages 
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of  cognition.  A successful  exploration  of  the  problem  space  requires  that 
the  problem-solver  be  able  to  notice  and  remember  critical  aspects  of  the 
problem.  Thus,  as  in  all  thinking,  “memory  must  be  tickled."  Although  it 
is  clear  that  memory  is  an  important  component  of  both  creative  and  non- 
creative  problem  solving,  the  utilization  of  memory  must  differ  in  some 
way  between  these  two  processes.  When  thinking  creatively,  the  memory 
task  is  more  than  retrieval  of  a known  fact;  it  involves  a broader  search, 
with  fewer  constraints  on  the  type  and  breadth  of  information  retrieved.  In 
fact,  one  detrimental  effect  of  expertise  is  finding  that  the  ability  to  retrieve 
a well-known  solution  or  response  may  hinder  creativity.  Thus,  experts 
who  can  retrieve  solutions  to  problems  as  readily  as  we  might  retrieve  an 
arithmetic  fact  are  less  likely  to  consider  additional  possible  solutions  than 
the  novice  who  needs  to  think  through  a solution.  This  model  of  creative 
thinking  offers  two  possibilities  for  those  who  are  interested  in  enhancing 
creative  thinking:  a)  conduct  broad  searches  of  memory,  or  in  other  words, 
do  not  stop  thinking  about  a problem  as  soon  as  a solution  has  been 
found;  and  b)  practice  synthesizing  information  that  has  been  retrieved 
(i.e.,  remembered  or  "thought  of")  so  that  information  can  be  combined 
in  novel  ways. 

Advertising  Age,  which  as  you  probably  guessed  is  a magazine  for  the  adver- 
tising industry,  picked  this  example  as  their  "Creativity  pick  of  the  day" 
(April  23,  2012).  A creative  Mexican  company  is  encouraging  dog  owners  to 
swap  their  dog  poop  for  free  Wi-Fi.  This  is  how  it  works:  People  deposit  bags 
of  dog  waste  in  a special  box  in  a public  park.  The  weight  is  calculated  and 
the  company  provides  free  minutes  of  Wi-Fi  in  the  park  based  on  the 
weight  collected.  With  this  incentive,  the  park  is  poop-free  and  everyone 
gets  free  Wi-Fi.  It  is  a creative  way  to  create  a climate  in  which  people  clean 
up  after  their  dog.  The  creativity  is  the  choice  of  a reward  for  creating  a 
clean  park — Wi-Fi  for  the  community  in  exchange  for  dog  poop.  It  is  the 
sort  of  creative  idea  that  makes  most  of  us  ask,  "Why  didn't  1 think  of  that?" 

Insight  and  Incubation 

Professional  insight  is  sometimes  marvelous  and  sometimes  flawed. 

— Daniel  Kahneman  and  Gary  Klein  (2009,  p.  515) 

Not  surprisingly,  both  the  terms  "insight"  and  "incubation"  were  dis- 
cussed in  the  chapter  on  problem  solving  and  appear  again  in  discussions 
of  creativity,  which  is  sometimes  thought  of  as  solving  problems  in  a cre- 
ative way.  Insight  was  described  as  the  sudden  awareness  of  a solution; 
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incubation  was  described  as  period  of  time  when  an  individual  is  not  ac- 
tively working  on  a problem  that  is  followed  by  a successful  solution. 
These  two  stages  in  the  problem-solving  process  are  often  associated  with 
creative  solutions.  Although  these  are  both  “hidden"  processes  that  are 
seemingly  mysterious,  it  is  possible  to  examine  them  within  the  frame- 
work of  a general  cognitive  model. 

Klein  (2011)  argued  that  although  programs  designed  to  teach  critical 
thinking  have  "a  great  deal  of  value"  (p.  210),  they  need  to  provide  more 
training  in  insight.  Klein  has  done  much  of  his  work  with  the  Intelligence 
Community,  which  in  this  case  means  the  U.S.  military.  Not  surprisingly, 
the  military  has  increased  its  critical  thinking  training  over  the  last  decade 
in  recognition  of  the  fact  that  both  war  and  peace  are  far  more  complicated 
than  in  earlier  times.  Researchers  who  want  to  help  people  develop  better 
intuitions  have  focused  on  the  cues  that  experts  use  when  solving  prob- 
lems. Recall  from  earlier  discussions  that  System  1 thinking  is  so  fast  and 
effortless  that  it  is  assumed  to  reflect  sudden  insight  or  rapid  intuition.  It 
differs  from  System  2,  which  is  slower  and  more  deliberate.  Recall  also  that 
experts  who  develop  accurate  intuitions  practiced  for  many  years  in  their 
field  of  expertise  and  received  rapid  and  useful  feedback  so  that  they  could 
improve  their  intuitions.  Some  intuitions  are  highly  flawed,  even  when  the 
"expert"  is  highly  confident.  Kahneman  and  Klein  (2009)  agree  that  the 
best  way  to  develop  insight  (or  intuition)  is  to  work  in  a regular  and  pre- 
dictable environment.  So,  if  you  were  hoping  for  a quick  and  easy  way  to 
develop  the  insight  needed  for  creative  thinking,  you  will  do  best  if  you  are 
trying  to  develop  expertise  in  fields  like  chess  or  medicine,  which  can  pro- 
vide the  types  of  feedback  needed  for  expert  insight.  We  are  far  from  know- 
ing how  to  train  for  insight. 

1 hope  that  you  can  recall  from  the  chapter  on  memory  the  idea  that  the 
information  people  store  in  memory  is  connected  in  web-like  networks. 
For  example,  your  information  about  flowers  is  connected  such  that  what 
you  know  about  roses  is  (metaphorically)  stored  close  to  your  information 
about  petunias,  azaleas,  and  other  flowers.  If  you  know  a great  deal  about 
flowers,  then  you  have  an  extensive  and  highly  interconnected  network  of 
information.  If  you  grew  up  in  the  tropics,  then  your  knowledge  of  flowers 
is  probably  very  different  from  that  of  someone  who  grew  up  in  Antarctica 
because  you  probably  would  have  very  different  information  about  flowers. 
The  interconnectedness  of  knowledge  is  important  here.  According  to  a 
network  model  of  memory,  all  of  your  knowledge  about  flowers  is  also  con- 
nected to  your  knowledge  of  water  and  sun,  which  in  turn  are  connected 
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to  many  different  types  of  information.  Theoretically,  if  you  start  at  any 
point  in  this  giant  interconnected  web,  you  could  trace  your  way  to  any 
other  place  in  the  web.  A hypothetical  schematic  of  a section  of  someone's 
knowledge  network  is  shown  in  Figure  10.3. 

When  a new  idea  suddenly  comes  to  someone,  it  means  that  he  has  success- 
fully traveled  his  personal  knowledge  network  from  one  place  to  another — 
the  new  idea  representing  the  connection  between  two  previously 
unconnected  nodes.  Think  about  someone  you  love.  What  sorts  of  ideas 
and  images  come  to  mind?  Does  the  image  of  a rose  seem  appropriate?  If 
so,  it  may  be  because  I brought  your  knowledge  of  roses  to  mind  in  the  last 
paragraph  and  the  path  from  your  love  to  that  of  roses  was  "activated." 
Does  the  phrase,  "My  love  is  like  a red,  red  rose"  have  any  meaning  for  you? 
Does  the  sudden  association  of  your  love  and  roses  seem  insightful? 

Psychologists  call  the  "thinking  about"  or  the  "reminding"  process  spread 
of  activation  to  denote  the  idea  that  the  activity  that  was  begun  when  I 


Figure  10.3  An  example  of  the  way  information  in  memory  is  interconnected  in  a 
giant  web-like  knowledge  structure.  Creativity  involves  "noticing"  or  making  unusual 
connections. 
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told  you  to  think  about  a loved  one  spread  to  your  knowledge  of  roses. 
People  with  large  knowledge  nets  will  have  more  places  for  the  activation 
to  spread,  and  the  best  way  to  have  a large  knowledge  net  is  to  have  a large 
number  of  interconnected  knowledge  structures.  There  is  no  substitute  for 
knowledge  about  a topic;  just  as  there  is  no  substitute  for  the  ability  to  use 
the  information  stored  in  memory  in  thoughtful  ways,  if  you  want  to  be 
more  creative  in  the  sciences,  for  example,  you  would  need  to  acquire 
knowledge  about  the  field  so  that  relevant  information  will  be  available  for 
solving  problems  about  science.  We  use  our  knowledge  nets  for  new  ideas, 
and  skimpy  nets  yield  few  ideas,  it  is  the  ability  to  use  the  information 
stored  in  memory  that  allows  us  to  create  by  going  beyond  what  we  have 
learned. 

Let's  consider  what  else  is  happening  when  you  solve  a problem.  Suppose 
that  you  are  reading  a murder  mystery  in  which  the  prime  suspect  is  the 
hero,  and  hence,  unlikely  to  be  the  murderer.  You  are  focusing  on  another 
character  who,  you  believe,  "did  it."  Dutifully,  you  generate  possible  solu- 
tions and  explore  the  problem  space,  but  to  no  avail.  You  cannot  connect 
your  prime  suspect  to  the  murder  scene,  so  you  "forget"  about  the  problem 
and  resume  other  activities,  in  other  words,  you  create  a period  of  incuba- 
tion. Then,  when  you  return  to  the  book,  you  "see"  that  it  was  not  your 
prime  suspect,  but  some  other  character.  Using  the  jargon  of  the  problem- 
solving literature,  you  were  fixated  on  one  solution  type  (finding  a way  to 
link  your  suspect  to  the  crime)  and  the  incubation  period  allowed  you  to 
"forget"  this  type  of  solution  so  that  other  more  profitable  paths  could  be 
pursued — sort  of  a release  from  fixation. 

Good  problem-solvers  know  how  to  search  through  a large  problem  space 
so  as  to  make  it  an  efficient  process.  When  there  is  a large  number  of  pos- 
sible paths  to  a goal,  good  problem-solvers  use  heuristics,  or  search  plans, 
to  "prune  the  search  tree"  (Boden,  1990,  p.  78).  if  you  have  an  extensive 
knowledge  net  concerning  some  topic,  then  you  have  more  potential  paths 
or  links  between  concepts  and  more  retrieval  cues  that  can  help  you  re- 
member and  select  relevant  information  when  it  is  needed. 

Analogical  Thinking 

Analogy  is  inevitable  in  human  thought. 

— Robert  Oppenheimer  (1956,  p.  129) 

Analogies  underlie  much  of  our  everyday  thinking,  our  artistic  expres- 
sions, and  scientific  achievements.  Sternberg  (1977,  p.  353)  noted. 
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Reasoning  by  analogy  is  pervasive  in  everyday  experience.  We  reason 
analogically  whenever  we  make  a decision  about  something  new  in  our 
experience  by  drawing  a parallel  to  something  old.  When  we  buy  a new 
goldfish  because  we  liked  our  old  one,  or  when  we  listen  to  a friend's 
advice  because  it  was  correct  once  before,  we  are  reasoning  analogically. 

Thinking  involves  the  ability  to  note  resemblances  or  correspondence  be- 
tween two  objects  while  simultaneously  discerning  that  there  are  also  dif- 
ferences. When  you  use  analogies,  you  observe  that  two  entities  are  similar 
with  respect  to  some  property  and  dissimilar  with  respect  to  others.  Analo- 
gies are  discussed  in  several  chapters  in  this  book  because  they  are  perva- 
sive in  human  thought. 

One  of  the  most  famous  creative  uses  of  analogy  is  seen  in  the  story  of 
Archimedes,  a famous  Greek  mathematician,  physicist,  and  inventor  (287- 
212  BC).  According  to  a standard  version  of  the  tale,  he  was  given  the  task 
of  determining  if  the  crown  of  King  Hiero  11  was  pure  gold — the  only  kind 
of  crown  worthy  of  a king.  But,  Archimedes  did  not  know  how  to  solve  this 
problem  because  of  the  irregular  shape  of  the  crown.  One  day,  while  lower- 
ing himself  into  a bathtub  full  of  water,  the  tub  overflowed.  The  answer 
was  immediately  obvious.  Like  his  body,  a solid  gold  crown  would  display 
a volume  of  water  identical  to  that  displaced  by  a bar  of  gold  that  was  equal 
in  weight  to  that  of  the  crown.  Because  gold  is  denser  than  silver,  an  object 
(like  a crown)  would  displace  less  water  than  another  object  of  the  same 
weight  that  had  been  mixed  with  silver.  The  story  goes  on  to  say  that  in  his 
excitement,  he  ran  naked  through  the  street  yelling,  "Eureka,  1 have  found 
it!"  He  found  that  Hiero's  crown  displaced  more  water  than  an  equal 
weight  of  gold,  thus  showing  that  the  crown  had  been  alloyed  with  silver 
(or  some  other  metal  less  dense  than  gold).  He  had  a true  creative  insight 
mediated  by  the  analogy  of  his  body  displacing  his  bathtub  water  and  the 
knowledge  that  a gold  crown  would  displace  a predetermined  volume  of 
water.  (In  some  versions  of  the  story,  the  crown  was  pure  gold  and  the  king 
was  very  happy,  so  do  not  take  the  story  literally.) 

Although  the  use  of  analogies  from  distant  domains  is  a common  theme  in 
discussions  of  creativity,  in  fact,  the  spontaneous  noting  of  similarities  in 
very  different  contexts  is  not  a common  occurrence.  As  discussed  in  the 
chapter  on  problem  solving,  analogical  transfer  is  more  likely  to  occur 
when  we  learn  to  think  about  the  structure  of  a problem  (e.g.,  displace 
water  as  a form  of  measurement)  instead  of  the  surface  or  domain  features 
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(how  is  a gold  crown  like  taking  a bath).  Perhaps  it  is  because  it  is  unusual 
that  it  figures  prominently  in  our  belief  about  creativity — which  requires 
an  unusual  outcome  or  process. 

Analogies  are  also  important  in  “selling"  creative  ideas.  Business  thrives  on 
new  ideas,  but  all  new  ideas  involve  unknowns,  and  risk  is  an  inherent  part 
of  unknowns.  When  describing  a new  business  venture,  the  proposers  need 
to  reduce  the  stakeholders'  uncertainty  and  convince  them  that  the  pro- 
posed new  venture  is  likely  to  pay  off  (Cornelissen  & Clarke,  2010).  One  way 
to  communicate  that  the  new  venture  is  not  as  risky  as  it  may  seem  at  first 
is  to  use  an  analogy  in  which  a large  profit  was  made  when  a similar  idea  was 
turned  into  a business  venture.  Consider  this  example:  A new  business  ven- 
ture involved  creating  a security  system  that  would  be  used  when  interacting 
on  the  Internet.  This  new  idea  was  described  as  "You  know,  you  have  kind 
of  an  electronic  wallet  and  have  all  your  IDs  on  one  thing,  and  it  would 
become  your  passport  around  the  net"  (Santos  & Eisenhardt,  2009,  quoted 
in  Cornelissen  & Clareke,  2010,  p.  547).  This  analogy  explained  the  basics  of 
the  new  business  plans  in  language  that  investors  could  understand,  and 
with  these  concrete  examples,  it  seemed  less  risky  than  some  abstruse  idea. 

Making  the  Familiar  Strange 

Although  the  usual  function  of  analogies  is  to  make  the  unfamiliar  famil- 
iar, Gordon  (1961,  1976),  the  founder  of  a creative  technique  known  as 
Synectics,  suggested  that  we  reverse  the  process  for  creative  results.  Gordon 
(1976)  suggested  that  we  use  analogies  and  metaphors  by  trying  “strange 
new  contexts  in  which  to  view  a familiar  problem"  (p.  251).  For  example, 
consider  a naive  student  examining  a fish's  heart  for  the  first  time.  Because 
the  student  knows  nothing  about  anatomy,  the  context  is  strange,  yet  the 
flow  of  blood  through  the  heart  may  remind  him  of  a filter  system  for  a 
local  swimming  pool.  The  student's  analogy  is  a creative  contribution  to 
his  understanding  of  anatomy. 

Gordon  suggested  four  specific  types  of  analogies  to  use  when  attempting 
to  solve  a problem  creatively.  They  are  personal  analogy,  direct  analogy, 
symbolic  analogy,  and  fantasy  analogy.  Each  is  described  in  the  chapter  on 
the  development  of  problem-solving  skills.  Analogies  can  also  be  used  cre- 
atively to  find  problems.  For  example,  executives  at  Bradford  Associates 
(Westport,  Connecticut)  spent  an  afternoon  sipping  martinis  and  brain- 
storming about  possible  new  products  that  would  be  marketable.  As  they 
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were  enjoying  their  own  liquid  refreshments,  they  decided  that  the  time 
had  come  "for  a six-pack  that  a dog  could  ask  for  by  name."  They  are  now 
marketing  a chicken-flavored  soft-drink  for  dogs  known  as  "Arf'n'Arf." 
Here  is  a clear  example  of  the  use  of  analogies  to  find  problems  (the  need 
for  a doggie  soft  drink).  Similarly,  a popular  dog  product  is  now  being  de- 
veloped for  people.  Many  dogs  enjoy  munching  on  bone  shaped  biscuits 
that  help  to  keep  their  teeth  and  gums  healthy.  A similar  biscuit  that  will 
help  humans  to  keep  their  gums  and  teeth  healthy  is  now  available  on 
some  market  shelves. 

Bionics  is  a special  type  of  analogy.  It  relies  on  analogies  from  nature  that 
can  be  adapted  to  human  problems.  For  example,  special  properties  of  the 
eyes  of  beetles  have  suggested  a new  type  of  ground  speed  indicator  for 
airplanes,  and  the  principles  of  adhesion  used  by  cockleburs  served  as  the 
prototype  for  Velcro-type  closures.  Bionics  is  also  involves  the  idea  that  the 
broad  impact  of  solutions  be  considered  because  (borrowing  another  anal- 
ogy from  nature)  small  changes  in  our  ecological  system  can  result  in  di- 
sastrous consequences  to  other  life  forms  in  the  food  chain.  Consider 
modern  surgery  to  unclog  clogged  arteries.  A thin  tube  is  threaded  into  the 
artery.  When  the  clog  is  reached,  a small  "balloon"  is  inflated  in  the  artery 
to  open  the  clogged  area.  This  is  the  same  technique  that  has  been  used  by 
plumbers  to  open  clogged  pipes.  Thus,  cardiac  surgeons  are  saving  lives 
with  a common  problem-solving  technique  that  was  designed  for  plumb- 
ing. Many  creative  acts  involve  adapting  solutions  from  one  field  for  use  in 
an  unrelated  field. 

Remote  Associations  Test 

There  is  a test  of  creativity  that  rests  on  the  notion  that  creative  people  can 
form  connections  between  seemingly  very  different  topics.  Mednick  and 
Mednick  (1967)  created  a test  to  tap  this  dimension  of  creativity.  It  is  called 
the  Remote  Associations  Test  (RAT).  Test  takers  are  given  three  words  and 
are  asked  to  come  up  with  a fourth  word  that  relates  to  all  three.  As  an 
example,  think  of  what  word  relates  to  the  following: 

RIVER  NOTE  BLOOD 

Can  you  come  up  with  the  relational  word?  (The  answer  is  bank — river 
bank,  bank  note,  blood  bank.)  Try  some  other  remote  associations  similar 
to  the  ones  on  the  RAT: 
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1. 

BOARD 

DUCK 

DOLLAR 

2. 

FILE 

HEAD 

TOE 

3. 

BOILED 

LID 

FLOWER 

4. 

BALL 

MALARIA 

BUTTER 

5. 

CLASS 

STAGE 

SOCCER 

(The  answers  are  at  the  end  of  the  chapter.) 

Do  creative  people  come  up  with  remote  associations  when  they  think 
creatively?  It  seems  that  some  do,  but  there  is  very  little  direct  evidence 
that  tests  like  the  RAT  can  predict  creativity  in  natural  contexts. 

Encouraging  Creativity 


One  of  the  objections  1 hear  to  setting  forth  creativity  as  a goal  for 
higher  education  is,  "We  can't  all  be  Einsteins."  This  is  undeniable;  it  is 
also  irrelevant. 

— Patricia  Hutchings  (1986,  p.  14) 

There  has  been  considerable  debate  over  the  question  of  whether  it  is  possi- 
ble to  make  people  more  creative  by  providing  them  with  special  experiences 
that  are  designed  to  enhance  creativity.  There  is  a sizable  body  of  research 
literature  that  shows  that  it  is  possible.  This  notion  is  not  really  a surprising 
conclusion  given  that  creative  thinking  shares  many  features  with  everyday 
sorts  of  problem  solving,  and  the  evidence  reviewed  in  the  first  chapter  and 
several  places  throughout  this  book  showed  that  improved  thinking  is  a pos- 
sible outcome  of  education.  What  are  the  many  variables  that  are  important 
in  determining  when  and  how  much  creativity  can  be  enhanced? 

The  Person,  the  Problem,  the  Process 

Discovery  consists  of  looking  at  the  same  thing  as  everyone  else  and 
thinking  something  different. 

— Albert  Szent-Gjorgyi  (Nobel  Prize  Winner  in  Medicine;  quoted  in 

von  Oech,  1983,  p.  7) 

It  is  clear  that  creativity  is  not  something  that  exists  in  an  all-or-none  fash- 
ion. People  are  more  or  less  creative,  just  as  they  are  more  or  less  athletic 
or  good-looking  or  prejudiced.  The  question  of  whether  there  is  some 
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inborn  or  inherited  trait  that  is  associated  with  high  creativity  has  been 
difficult  to  answer.  Most  of  the  research  has  centered  on  the  relationship 
between  creativity  and  intelligence.  Are  intelligent  people  the  most  cre- 
ative people? 

In  general,  people  with  above-average  scores  on  intelligence  tests  tend  to  be 
creative,  while  those  with  low  IQ  scores  tend  not  to  be;  but  the  relationship 
is  not  a perfect  one.  The  smartest  people  are  not  always  the  most  creative. 
There  is  a certain  minimum  intelligence  that  is  needed  to  be  creative,  but 
beyond  the  minimal  level,  IQ  doesn't  seem  to  matter  much.  Even  if  you  are 
not  a particularly  intelligent  person,  you  may  have  great  creative  potential. 
In  addition,  we  all  have  differential  abilities.  A person  with  a broad  knowl- 
edge net  about  football  strategies  and  skill  in  running  and  throwing  is  more 
likely  to  be  a creative  football  player  than  an  individual  who  has  little 
knowledge  of  the  field  and  is  clumsy  with  a football,  but  the  second  indi- 
vidual may  be  more  creative  in  an  unrelated  domain  of  knowledge,  such  as 
poetry  or  ballet.  People  can  be  "habitually  creative"  in  areas  they  know  very 
well,  such  as  expert  chefs  who  routinely  substitute  a new  ingredient  in  well- 
known  recipes  or  can  intentionally  make  a creative  leap  such  as  changing 
the  way  food  is  prepared,  perhaps  by  frying  soda  that  has  been  frozen  or 
combining  flavors  in  a novel  (but  generally  good)  way  (Glaveanu,  2012). 

Personality  Factors 

Multiple  studies  have  found  that  the  primary  determinant  of  new  prod- 
uct failure  is  an  absence  of  innovativeness. 

— Rajesh  Sethi,  Daniel  Smith,  and  C.  Whan  Park  (2001,  p.  73) 

Most  creative  ideas  are  initially  met  with  failure  and  ridicule.  Imagine  try- 
ing to  tell  a doubting  public  that  you  were  making  a machine  that  would 
allow  people  to  fly  like  birds,  or  a device  that  would  light  homes  at  night 
without  burning  a candle,  or  that  illnesses  are  caused  by  organisms  that  are 
so  tiny  we  cannot  see  them.  Mueller,  Melwani,  and  Goncalo  (2012)  recog- 
nize the  strong  bias  that  most  people  have  against  creative  ideas.  They  tell 
about  Robert  Goddard,  the  father  of  modern  rocket  propulsion,  who  en- 
dured repeated  ridicule  from  other  scientists  who  laughed  at  his  "ludicrous 
and  impossible"  dreams.  Creative  people  need  to  be  able  to  withstand  the 
scorn  of  their  peers. 

There  are  certain  personality  factors  that  are  consonant  with  creativity.  Be- 
cause creativity  (as  we  have  defined  it)  requires  an  unusual  or  novel  act,  the 
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creative  individual  must  not  be  swayed  by  a need  for  conformity  nor  be  re- 
sistant to  change.  In  order  to  persist  in  doing  or  thinking  the  unusual,  the 
creative  person  will  also  need  to  have  enough  self-confidence  so  as  not  to  be 
dissuaded  from  a pursuit  when  others  denigrate  or  deride  it.  There  also 
needs  to  be  a love  or  joy  for  pursuits  that  are  cognitively  complex.  Perhaps 
there  is  some  validity  to  the  notion  of  the  "eccentric"  artist  or  scholar.  If  you 
read  the  first  chapter  of  this  book,  you  will  recognize  that  these  are  disposi- 
tions of  critical  thinkers — not  surprisingly,  I return  to  some  of  the  same 
themes  that  were  presented  in  the  first  chapter  as  I near  the  end  of  this  book. 

The  creative  person  must  be  self-motivated  so  that  he  or  she  will  persist  at 
a task.  Sometimes,  school  experiences  tend  to  favor  the  noncreative  stu- 
dents, as  many  traditional  assignments  do  not  call  for  creative  responses. 
Creative  people  may  have  to  create  their  own  rewards  for  their  actions  and 
find  satisfaction  in  the  creative  process  itself.  The  ability  and  willingness  to 
take  risks  and  to  tolerate  ambiguity  is  also  needed  for  creative  act. 

Persistence,  Conscientiousness,  and  Curiosity 

A "hungry  mind"  is  a core  determinant  of  individual  differences  in  aca- 
demic achievement. 

— Sophie  von  Stumm,  Benedikt  Hell, 
and  Tomas  Chamorro-Premuzic  (2011,  p.  574) 

Although  intelligence  is  a factor  in  creativity,  two  personality  factors  are  at 
least  as  important.  In  order  to  succeed  at  any  difficult  task,  people  need  to 
persist  even  when  they  repeatedly  fail.  The  history  of  creative  inventions  is 
the  story  of  persistence  even  after  repeated  failures.  Conscientiousness, 
which  is  the  use  of  care  when  doing  something,  is  a related  personality  trait. 
It  is  unlikely  that  sloppy  work  will  lead  to  creative  outcomes.  There  is  a very 
large  body  of  research  literature  showing  that  being  conscientious  is  associ- 
ated with  better  academic  and  occupational  performance  (O'Connor  & 
Paunonen,  2007;  Poropat,  2009).  It  now  seems  that  intellectual  curiosity  is 
the  third  leg  of  a stool  that  supports  creative  thinking  and  academic  per- 
formance (von  Stumm,  Hell,  & Chamorrow-Premuzic,  2011). 

The  idea  that  curiosity  is  a critical  trait  for  creativity  is  not  new.  Dewey 
(1910,  quoted  in  von  Stumm  et  ak,  2011,  p.  582)  recognized  this: 

In  a few  people,  intellectual  curiosity  is  so  insatiable  that  nothing  will 
discourage  it,  but  in  most  its  edge  is  easily  dulled  and  blunted. . . . Some 
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lose  it  in  indifference  or  carelessness;  others  in  a frivolous  flippancy; 
many  escape  these  evils  only  to  become  incased  in  a hard  dogmatism 
which  is  equally  fatal  to  the  spirit  of  wonder. 

We  need  to  teach  children  and  learn  for  ourselves  that  failure  is  an  impor- 
tant part  of  life  and  that  every  great  success  was  built  upon  previous  fail- 
ures. Creative  people  are  able  to  "slow  down"  and  take  the  time  to  review 
and  rethink  their  usual  way  of  doing  things  and  resist  quick  closure  on 
problems  (Larson,  2001).  in  the  first  chapter  of  this  book,  1 made  the  case 
for  the  importance  of  a critical  thinking  attitude.  The  same  themes  are  re- 
peated in  this  chapter  on  enhancing  creativity.  The  only  seeming  contra- 
diction comes  from  recent  research  on  creativity  in  teams.  Team  cohesion 
seems  to  be  detrimental  to  creativity  (Sethi,  Smith,  & Park,  2001).  if  team 
members  are  quick  to  agree  with  each  other  (high  cohesion),  then  unusual 
solutions  or  conclusions  will  never  emerge  from  a team  because  usual  and 
common  outcomes  will  be  generated  most  often.  We  need  teams  that  foster 
and  encourage  dissent  (in  a positive  way).  Group  leaders  who  insist  on 
consensus  are  inadvertently  stifling  creativity,  if  everyone  in  a group 
agrees,  then  it  is  likely  that  only  one  person  is  doing  the  thinking.  Of 
course,  it  can  be  uncomfortable  to  "go  against  the  crowd,"  yet  creative 
people  are  able  to  be  a lone  dissenter,  in  order  to  be  an  effective  dissenter, 
creative  people  often  persuade  group  members  to  consider  seriously  his  or 
her  unusual  perspective,  in  real-life  settings,  social  skills  are  vital  for  suc- 
cessful ideas. 

in  a classic  study  of  creative  people  (Barron,  1958),  writers,  artists,  musi- 
cians, and  mathematicians  were  given  a battery  of  tests  to  determine  if  they 
had  any  personality  traits  in  common,  in  general,  these  highly  creative 
individuals  were  nonconforming,  unconventional,  and  generally  less  con- 
cerned with  "making  a good  impression."  One  contemporary  American 
hero  is  the  recently  deceased  Richard  Feynman.  Feynman  was  the  Nobel 
Prize-winning  physicist  who  became  famous  in  the  nonscientific  world 
when  he  investigated  the  tragic  explosion  of  the  Challenger.  He  demon- 
strated that  "O"  rings,  rubber  circular  gaskets  used  on  the  Challenger,  get 
brittle  when  they  get  cold.  His  simple  test  consisted  of  dunking  an  "O"  ring 
in  ice  water  and  showing  that  it  could  crack  when  cold.  The  attitude  of 
risk-taking  and  nonconformity  is  exemplified  by  the  title  of  an  autobio- 
graphical book  about  his  life  entitled  What  Do  You  Care  What  Other  People 
Think?  (1989).  Of  course,  this  does  not  mean  that  if  you  become  noncon- 
forming and  unconventional,  you  will  then  become  highly  creative,  but  it 
suggests  that  a more  open-minded  and  less  self-conscious  approach  to  life's 
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problems  can  pay  off.  Feynman  also  demonstrated  a natural  curiosity  and 
immense  breadth  of  knowledge.  His  interests  were  not  limited  to  physics 
and  extended  to  many  domains,  including  the  arts  and  music. 

i had  the  great  honor  meeting  this  remarkable  man.  1 recall  with  great  clar- 
ity a time  when  1 sat  next  to  him  at  an  informal  dinner  party.  He  remarked 
to  my  daughter,  who  was  young  at  that  time,  that  growing  old  was  a pecu- 
liar thing.  When  he  was  my  daughter's  age,  he  could  never  get  enough 
dessert,  and  now  that  he  is  old  and  can  have  all  the  dessert  he  wishes,  he 
no  longer  wants  it!  At  the  time,  1 thought  that  this  was  an  odd  discussion 
between  a child  and  an  older  man;  now  i think  it  was  just  part  of  the  ec- 
centricity that  marked  his  genius. 

Creativity  as  a Goal 

We  want  creative  citizens,  who  can  take  responsibilities  and  who  are 
able  to  solve  problems  that  do  not  yet  exist  today. 

— Olli-Pekka  Heinonen  (Finland's  Minister  of  Education, 
quoted  in  Shavinina,  2001,  p.  292) 

The  easiest  way  to  enhance  creativity  is  to  value  it.  in  an  experimental 
study  of  the  effect  of  telling  college  students  that  creativity  is  valued,  Shal- 
ley  (1991)  found  that  college  students  produced  more  creative  products 
(had  creativity  goals)  than  students  who  had  been  told  that  they  were  being 
judged  on  the  number  of  products  they  produced  (had  productivity  goals) 
or  told  nothing  about  expectations  for  creativity  or  number  produced.  The 
underlying  idea  behind  this  research  was  that  most  people  pay  more  atten- 
tion and  exert  more  effort  toward  being  creative  if  they  believe  that  creativ- 
ity is  permitted  or  valued,  it  seems  that  people  will  be  more  creative  when 
they  are  told  to  be  creative.  This  is  probably  not  a surprising  result  to  the 
college  students  who  are  reading  this.  After  all,  how  often  are  students  en- 
couraged or  even  permitted  to  be  creative  in  school?  Most  often,  the  learn- 
ing goal  in  school  is  to  be  able  to  repeat  back  something  that  was  learned 
in  class  or  to  be  able  to  apply  a skill  in  an  appropriate  setting.  Apparently, 
we  can  be  more  creative  if  we  are  expected  to  be  creative. 

Types  of  Motivation 

People  will  be  most  creative  when  they  feel  motivated  primarily  by  the 
interest,  enjoyment,  satisfaction,  and  challenge  of  the  work  itself — not 
by  external  pressures. 

— Beth  A.  Hennessey  and  Teresa  M.  Amabile  (1988,  p.  11) 
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Creative  thinking,  likes  all  activities,  takes  place  in  a social  context — a fact 
that  is  often  overlooked  in  the  cognitive  literature.  Amabile  (2001)  has 
studied  the  environmental/social  factors  that  can  encourage  or  discourage 
creativity.  Like  other  researchers  in  the  field  of  creativity,  she  concluded 
that  much  of  what  happens  in  school  and  work  settings  is  not  conducive 
to  the  development  of  creativity.  She  found  that  creative  individuals  often 
view  their  work  as  a labor  of  love.  They  work  long  hours  because  they  are 
impelled  by  their  curiosity  and  their  own  desire  to  achieve  a goal.  Hard 
work  is  a repeated  theme  among  those  who  study  the  creative  process.  This 
sort  of  motivation  is  called  intrinsic  motivation  because  it  comes  from 
within  the  individual.  By  contrast,  much  of  the  motivation  provided  at 
school  and  work  is  extrinsic  motivation,  which  is  motivation  that 
comes  from  others,  such  as  promises  of  a good  grade  or  money.  According 
to  Amabile,  the  best  way  to  promote  creativity  is  to  arrange  the  environ- 
ment so  as  to  maximize  intrinsic  motivation.  Six  conditions  that  tend  to 
kill  intrinsic  motivation  are  (a)  constant  evaluation,  (b)  surveillance,  (c) 
reward,  (d)  competition,  (e)  restricted  choice  (e.g.,  limited  choice  of  materi- 
als to  use),  and  (f)  an  extrinsic  orientation  towards  work. 

The  general  finding  that  intrinsic  motivation,  that  is  doing  something  for 
sheer  enjoyment  and  interest,  is  superior  to  extrinsic  motivation  in  encour- 
aging creativity  has  held  up  over  decades  of  work  (Hennessey  & Amabile, 
2010),  but  there  are  conditions  when  extrinsic  motivation  (e.g.,  promise  of 
a reward)  can  also  be  effective.  When  rewards  confirm  the  idea  that  some- 
one is  competent  and  creative,  they  can  facilitate  creativity.  Extrinsic  re- 
wards tend  to  dampen  creativity  when  these  rewards  make  people  feel  as 
though  they  are  being  controlled  by  the  situation — ^when  self  determina- 
tion is  being  undermined.  But,  when  rewards  convey  the  idea  that  creativ- 
ity is  valued  and  encouraged,  they  can  lead  to  more  creative  outcomes 
(Deci  & Ryan,  2008;  Dewett  & Gruys,  2007). 

Many  decades  of  research  have  shown  that  blanket  statements  like  "exter- 
nal rewards  hinder  creativity"  have  to  be  modified  because,  at  least  some- 
times, external  rewards  can  stimulate  creative  responses.  For  example,  in 
Nakamura  and  Csikszentmihalyi's  (2001)  case  study  of  the  life  of  Linus 
Pauling,  it  is  clear  that  Pauling  changed  the  focus  of  his  work  to  organic 
chemistry  because  he  was  given  grant  money  for  research  in  organic  chem- 
istry. He  then  went  on  to  make  highly  creative  advances  in  this  new  field  of 
study,  so  the  extrinsic  motivation  provided  by  the  grants  did  not  seem  to 
diminish  his  creative  genius;  instead,  the  grants  refocused  his  creativity  in 
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a new  domain.  In  a study  of  the  effects  of  extrinsic  rewards  on  creativity, 
researchers  found  that  there  are  many  other  variables  that  influence  creativ- 
ity and,  under  some  conditions,  external  rewards,  like  providing  money  for 
creative  outcomes,  can  enhance  creativity,  especially  when  the  individual 
maintains  control  of  the  situation.  The  effect  of  intrinsic  rewards  on  creativ- 
ity remains  a contested  area  of  research — ^we  need  to  understand  much  bet- 
ter the  conditions  under  which  external  rewards  help  or  hinder  creativity. 

Most  school  and  work  environments  tend  to  be  heavily  weighted  towards 
the  negative  end  of  these  six  factors;  teachers  and  supervisors  watch  while 
students  and  employees  work,  competition  is  either  overt  or  covert,  but 
almost  always  present,  and  the  workers  receive  grades  or  payment  for  their 
efforts.  It  is  impossible  to  avoid  extrinsic  motivators  completely  as  there 
will  always  be  deadlines,  competition,  and  restrictions.  Despite  these  reali- 
ties, it  is  possible  to  design  school  and  work  environments  to  foster  creativ- 
ity by  reducing  the  focus  on  extrinsic  motivators  and  emphasizing  the 
intrinsic  rewards  of  the  creative  process.  Environmental  factors  like  these 
are  only  part  of  the  creativity  equation — creativity  needs  more  than  a con- 
ducive environment  to  flourish.  In  addition  to  changes  in  the  environ- 
ment, creativity  training  also  needs  a skills  component.  No  one  can  become 
a creative  scientist  or  great  author  or  talented  artist  without  the  factual 
knowledge  and  technical  skills  that  are  relevant  to  their  chosen  field.  There 
is  no  substitute  for  knowledge. 

There  is  at  least  one  conclusion  on  which  everyone  can  agree:  a quality 
education  (both  inside  and  outside  of  school)  will  give  you  the  basis  for 
remote  associations  or  divergent  thoughts  or  novel  ideas.  Creative  people 
need  a head  filled  with  thoughts  and  facts  in  order  to  create  with  them. 
The  inferences  from  Amabile's  work  are  clear:  Cultivate  a love  of  learning; 
reward  your  own  creative  efforts;  take  the  college  courses  that  will  fill  your 
mind  with  new  thoughts  (and  not  just  the  easiest  courses  offered).  Creative 
endeavors  result  from  hard,  intellectual  work  that  is  self-motivated  and  self 
monitored.  Do  not  be  afraid  to  engage  in  it. 


Strategies  for  Creative  Thinking 

The  nation  that  neglects  creative  thought  today  will  assuredly  have  its 
nose  ground  into  the  dust  of  tomorrow. 

— Fred  Hoyle  (1915-2001,  astronomer  and  physicist) 
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Creativity  has  never  been  given  the  attention  it  deserved  in  standard  edu- 
cational settings.  Over  a half  century  ago,  Lowenfeld  (1962)  called  creativ- 
ity "education's  stepchild,"  a fact  that  remains  true  today.  There  seems  to 
be  no  place  in  the  traditional  school  curriculum  for  creativity  training. 
There  have  been  many  programs  developed  with  the  specific  goal  of  train- 
ing people  to  be  creative  in  order  to  fill  this  gap,  probably  because  leaders 
in  the  corporate  and  manufacturing  worlds  know  that  they  must  produce 
new  and  better  products  than  the  competition,  or  they  find  will  find  them- 
selves working  for  the  competition. 

Basic  Principles 

Real  world  problems  can  only  be  solved  through  the  study  of  differing 
viewpoints.  It  is  not  enough  to  tolerate  differing  viewpoints,  you  must 
examine  them  deeply  enough  to  understand  why  they  differ  from  yours. 

— Maggie  Shiffrar  (May  17,  2012  Commencement  Address, 

Rutgers  Graduate  School) 

Although  there  are  considerable  differences  between  creativity  training 
programs,  they  all  share  some  basic  common  principles: 


• Teach  students  to  think  of  different  ways  to  accomplish  an  objec- 
tive and  then  how  to  select  the  best  one. 

• Provide  plenty  of  examples  and  exercises  to  model  and  practice 
creative  skills. 

• Teach  students  how  to  ask  relevant  questions  and  how  to  discover 
when  a problem  exists. 

• Evaluate  the  quality  of  an  idea  by  its  consequences. 

• Reward  original  and  relevant  ideas,  but  be  certain  to  keep  the  re- 
ward secondary  to  the  enjoyment  of  the  creative  process.  Let  stu- 
dents know  that  their  ideas  are  valuable  and  that  they  remain  in 
control  of  their  work. 

• Provide  unstructured  situations.  Teach  them  the  value  of  persis- 
tence when  they  fail. 

• Provide  students  with  a tangible  plan  for  finding  solutions.  This 
means  that  they  should  be  trained  in  ways  that  will  help  them  to 
make  relevant  information  that  they  have  stored  in  memory  acces- 
sible and  to  find  ways  to  bridge  areas  of  knowledge.  Plans  include 
recognizing  puzzling  facts,  seeking  information,  generating  possi- 
ble solutions,  changing  perspectives,  and  restating  the  goal. 
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• Restrain  from  labeling  or  categorizing  problems  or  solutions  too 
quickly  in  the  problem-solving  process  because  labeling  tends  to 
encourage  fixation — the  opposite  sort  of  set  that  is  needed  for  flex- 
ible thinking. 

• Create  the  expectation  that  creative  outcomes  result  from  hard  work, 
persistence,  a broad  knowledge  base,  and  the  willingness  to  continue 
thinking  after  a satisfactory  solution  or  answer  has  been  found. 

• Encourage  risk-taking  and  nonconformity,  along  with  a repertoire 
of  responses  that  are  needed  for  teamwork. 


You  may  be  thinking  that  there  is  no  such  thing  as  "strategies  for  creative 
thinking"  because  creativity  involves  breaking  rules,  not  following  them — 
a sort  of  a free  activity.  But,  most  creative  actions  take  place  within  a frame- 
work of  rules.  Even  the  most  beautiful  sonnet  contains  14  lines  of  specified 
meter  and  rhyme,  all  great  ballets  are  performed  with  the  principles  and 
techniques  of  dance,  and  all  scientific  discoveries  are  made  by  experts  who 
are  knowledgeable  in  their  field.  In  order  to  depart  from  a framework  or  to 
bend  the  usual  rules,  the  creative  individual  must  have  some  knowledge  of 
convention  as  well  as  some  guidelines  for  unconventional  thinking. 

There  are  some  popular  educational  programs  that  claim  to  increase  creativity, 
but  unless  there  are  solid  data  to  back  up  these  claims,  you  are  not  thinking 
critically  if  you  accept  the  claims  at  face  value.  Mall  book  stores  have  rows  of 
books  that  lure  readers  who  want  to  be  more  creative  to  "try  on  different  hats" 
and  to  stimulate  different  ways  of  thinking  by  "thinking  outside  of  the  box" — 
quick  claims  that  offer  little  in  the  way  of  empirically  validated  findings  (De 
Bono,  1985,  1992).  Critical  thinkers  look  for  evidence  to  support  claims — 
especially  when  the  claim  is  that  thinking  can  be  improved. 

Quantity  Breeds  Quality 

Since  1990,  30%  of  [Glaxo  Wellcome's]  revenues  has  come  from  new 
products  . . . Glaxo  Wellcome  aims  to  increase  research  and  develop- 
ment productivity  threefold  to  produce  20  new  compounds  from  ex- 
ploratory research  each  year,  leading  to  the  launch  of  three  significant 
new  products  annually. 

— Sue  Godfrey  (Executive  Director,  Glaxo  Wellcome,  1998,  p.  14) 

The  notion  that  if  you  have  lots  of  ideas,  some  of  them  will  be  good  is  the 
major  thrust  of  brainstorming.  Brainstorming  was  discussed  in  the  chap- 
ter on  the  development  of  problem-solving  skills  as  a way  to  find  solution 
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paths  that  solve  problems.  It  is  a creative  way  to  generate  solution  paths 
and  is  often  used  in  creative  problem  solving.  As  explained  in  the  last  chap- 
ter, brainstorming  is  a way  of  producing  a list  of  ideas  that  can  subse- 
quently be  evaluated.  Research  supports  the  finding  that  people  usually 
generate  more  ideas  when  they  brainstorm  alone  than  when  in  groups. 
Most  brainstorming  is  now  done  in  two  stages — alone,  then  followed  by 
group  activities.  The  only  rule  of  brainstorming  is  that  all  judgment  be 
deferred  until  some  later  time  so  that  no  one  hesitates  to  offer  unusual  or 
off-beat  ideas. 

The  quantitative  advantages  of  brainstorming  are  without  question.  But 
do  more  ideas  necessarily  imply  better  ones?  Often,  the  best  ideas  result 
from  the  combination  (synergy)  and  alteration  of  the  ideas  listed.  The 
atmosphere  of  deferred  judgment  is  clearly  consistent  with  the  discus- 
sion on  environment  presented  earlier  in  the  chapter,  it  encourages  risk- 
taking and  unconventionality,  both  of  which  are  prerequisites  to 
creative  thinking.  At  the  very  least,  brainstorming  is  fun.  it  is  a recom- 
mended strategy  for  enhancing  creative  thought  because  it  incorporates 
several  of  the  principles  for  creative  thinking,  but  the  evidence  that 
brainstorming  produces  more  high-quality  ideas  than  other  techniques 
is  still  limited. 

Creative  Ideas  Checklist 

Another  method  for  producing  creative  ideas  is  to  present  people  with  a 
checklist  of  diverse  categories  or  adjectives  or  questions  that  could  conceiv- 
ably apply  to  the  question  or  problem  at  hand.  These  lists  are  called  cre- 
ative ideas  checklists.  By  forcing  people  to  change  the  type  of  answer 
that  they  are  considering,  flexibility  in  thinking  is  encouraged.  Doolittle 
(1995)  found  that  the  use  of  many  different  types  of  solutions  is  more  im- 
portant in  creative  problem  solving  than  just  having  many  different  solu- 
tions that  all  involve  the  same  category  of  response,  in  order  to  understand 
this  distinction,  consider  a problem  that  involves  moving  A to  B.  There 
may  be  many  different  ways  to  move  A (car,  boat,  roller  skates),  but  a flex- 
ible list  would  include  other  categories  of  responses,  such  as  having  them 
meet  in  the  middle,  or  moving  B,  or  moving  both  to  point  C,  or  solving 
the  problem  without  moving  either  A or  B. 

in  one  study  of  the  use  of  lists  to  stimulate  creative  ideas,  Davis  and  Row- 
eton  (1968)  gave  students  the  following  list,  which  was  labeled  “Aids  in 
Thinking  of  Physical  Changes": 
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A.  Add  or  Subtract  Something 

B.  Change  Color 

C.  Change  the  Materials 

D.  Change  by  Rearranging  the  Parts 

E.  Change  Shape 

F.  Change  Size 

G.  Change  Design  or  Style 

Students  who  were  given  this  list  were  told  to,  "List  as  many  physical 
changes  as  you  can  for  a thumbtack."  Davis  and  Roweton  reported  that  the 
group  that  had  received  the  checklist  produced  a greater  number  of  ideas 
and  more  creative  ideas  than  a control  group  that  had  not  been  given  the 
checklist.  A cookie  manufacturer  began  making  "reverse"  chocolate  chip 
cookies — chocolate  cookies  with  white  chocolate  chips.  They  became  an 
overnight  financial  and  taste  success.  You  should  recognize  this  simply  as 
"d"  in  the  above  list — a change  by  rearranging  the  parts.  This  simple  cre- 
ative act  has  paid  well  for  its  innovator. 

Perhaps  the  most  famous  checklist  is  a generalized  one  that  can  be  applied 
in  a variety  of  situations.  Whiting  (1958,  p.  62)  attributes  this  list  to  Osborn. 
Suppose  you  wanted  to  design  a new  t}^e  of  refrigerator  or  computer  display. 
These  prompts  should  provide  direction  for  beginning  the  creative  process. 

Put  to  Other  Uses?  New  ways  to  use  as  is?  Other  uses  if  modified? 
Adapt?  What  else  is  like  this?  What  other  idea  does  this  suggest?  Does 
past  offer  parallel?  What  could  1 copy?  Whom  could  1 emulate? 
Modify?  New  twist?  Change  meaning,  color,  motion,  odor,  form, 
shape?  Other  changes? 

Magnify?  What  to  add?  More  time?  Greater  frequency?  Stronger? 
Larger?  Thicker?  Extra  value?  Plus  ingredient?  Duplicate?  Multiply? 
Exaggerate? 

Minify?  What  to  substitute?  Smaller?  Condensed?  Miniature?  Lower? 

Shorter?  Lighter?  Omit?  Streamline?  Split  up?  Understate? 
Substitute?  Who  else  instead?  What  else  instead?  Other  ingredient? 
Other  material?  Other  process?  Other  power?  Other  place?  Other  ap- 
proach? Other  tone  of  voice? 

Rearrange?  Interchange  components?  Other  pattern?  Other  layout? 
Other  sequence?  Transpose  cause  and  effect?  Change  pace?  Change 
schedule? 
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Reverse?  Transpose  positive  and  negative?  How  about  opponents? 
Turn  it  backward?  Turn  it  upside  down?  Reverse  roles?  Change 
shoes?  Turn  tables?  Turn  other  cheek? 

Combine?  How  about  a blend,  an  alloy,  an  assortment,  an  ensemble? 
Combine  units?  Combine  purposes?  Combine  appeals?  Combine 
ideas? 

In  a twist  on  the  idea  of  lists  that  stimulate  creative  thinking,  McGuire 
(1997)  listed  several  techniques  for  finding  creative  hypotheses  that  are 
worth  pursuing.  The  research  literature  in  psychology  and  other  sciences  is 
huge,  but  much  of  it  involves  problems  that  are  trivial  (at  least  in  the  opin- 
ions of  some  people).  How  can  researchers  find  and  recognize  those  re- 
search problems  that  are  potentially  important?  The  list  of  strategies  for 
answering  this  question  includes:  (a)  counterexamples  or  thinking 
about  ways  the  opposite  would  be  true  (e.g.,  instead  of  thinking  that  bad 
parents  cause  neurosis,  suppose  bad  parenting  causes  good  mental  health); 

(b)  reverse  causal  direction  (e.g.,  instead  of  hypothesizing  that  coffee 
causes  headaches,  maybe  having  headaches  leads  people  to  drink  coffee); 

(c)  push  an  example  to  an  extreme  (e.g.,  if  children's  use  of  grammar 
shows  that  they  learn  general  grammatical  rules,  what  would  perfect  gram- 
mar in  children  suggest?);  (d)  extrapolate  from  similar  problems 
(e.g.,  older  adults  can  improve  their  memory  for  names  with  mnemonics, 
so  perhaps  they  could  improve  their  memory  for  locations  with  mnemon- 
ics); (e)  shift  attention  to  the  opposite  end  of  a problem  (e.g.,  in- 
stead of  thinking  about  the  cost  of  a new  technology,  think  about  its 
benefits);  and  (f)  pay  attention  to  outliers  or  unusual  responses 
(what  is  it  about  Person  X that  led  her  to  respond  differently  from  the  other 
participants?).  McGuire's  list  is  considerably  longer  than  the  sample  items 
presented  here,  but  these  examples  should  demonstrate  the  main  idea  of 
manipulating  how  one  thinks  to  discover  hypotheses  that  are  potentially 
important  enough  to  warrant  empirical  investigation.  He  notes  that  he  has 
only  informal  data  on  the  effectiveness  of  these  strategies  and  calls  for 
more  research  on  the  important  problem  of  finding  out  which  techniques 
can  enhance  creativity. 

Although  the  purpose  of  creative  ideas  checklists  is  to  create  novel  ideas,  it 
is  also  possible  that  they  could  have  an  inhibiting  effect.  If  you  only  con- 
sidered the  possibilities  on  a small  checklist,  you  could  miss  other  ideas  by 
narrowing  your  search  to  ones  that  are  suggested  by  the  list.  These  lists 
cannot  be  used  as  algorithms  that  would  always  lead  to  a creative  response. 
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but  they  may  be  helpful  as  heuristics  to  help  get  a stalled  thinking  process 
moving  again. 

We  have  all  had  the  experience  at  one  time  or  another  of  being  “stuck," 
when  ideas  do  not  seem  to  flow,  if  you  go  through  these  checklists,  ponder- 
ing each  item,  you  are  bound  to  get  your  thoughts  flowing  again.  Using  the 
cognitive  framework  introduced  earlier,  they  all  provide  probes  for  search- 
ing knowledge  networks  so  that  different  sorts  of  information  can  become 
available  for  use. 

Attribute  Listing 

More  innovation  is  the  key  weapon  for  UK  companies  to  outperform 
world  competitors. 

— Peter  McHardy  and  Teresa  Allan  (2000,  p.  496) 

in  attribute  listing,  every  characteristic  or  quality  of  the  item  or  situa- 
tion is  listed  and  then  examined  for  possible  modification  or  recombina- 
tion. Let's  try  an  example. 

Suppose  you  want  to  make  something  really  different  for  dinner  tonight, 
in  fact,  you  want  to  make  a food  that  no  one  else  in  the  world  has  ever 
tasted  before.  How  would  you  go  about  doing  this?  First,  you  could  list 
many  different  foods: 

eggs 

hot  dogs 
Baked  Alaska 
stewed  tomatoes 
steak  tartare 
chocolate  pudding 
etc. 

Alongside  each  food,  you  would  list  several  of  its  attributes,  such  as  shape, 
consistency,  color,  texture,  odor,  temperature,  etc.  You  would  then  randomly 
pair  attributes  to  come  up  with  a new  food.  You  might  think  of  the  "soft  and 
shimmery"  attribute  of  Jell-o  and  the  cold,  hard  attribute  of  ice  cream  and 
combine  the  two  so  that  you'd  freeze  the  Jell-o  or  whip  the  ice  cream.  At- 
tribute listing  is  a good  procedure  for  fashion  design.  You  could  list  every  part 
of  a dress,  for  example,  and  every  attribute  of  that  part.  A partial  example  is: 
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Dress  Part  Attribute 

collars  pointed,  rounded,  none,  Nehru 

sleeves  raglan,  short,  rolled,  long 

waist  cinched,  gathered,  dropped,  loose 

skirt  full,  straight,  ruffled,  pointed 

A talented  dress  designer  could  combine  possible  dress  attributes,  coming 
up  with  thousands  of  unique  designs  (e.g.,  a dress  with  a Nehru  collar, 
short  sleeves,  gathered  waist,  and  ruffled  skirt.)  This  unique  combination 
shows  why  1 should  stay  out  of  fashion  design — while  the  resulting  dress 
would  be  unusual,  it  would  probably  not  pass  the  evaluative  test  for  cre- 
ativity— appropriate  or  good. 

Crovitz's  Relational  Algorithm 

Those  of  you  who  have  already  read  the  chapter  on  the  development  of 
decision-making  skills  know  that  an  algorithm  is  a step-by-step  guide  that 
leads  to  a solution.  Crovitz's  (1970)  Relational  Algorithm  is  a solution 
guide  that  relies  on  changing  the  relations  between  items.  Crovitz  lists  42 
"relational  words"  (p.  100).  They  are: 


about 

at 

for 

of 

round 

to 

across 

because 

from 

off 

still 

under 

after 

before 

if 

on 

so 

up 

against 

between 

in 

opposite 

then 

when 

among 

but 

near 

or 

though 

where 

and 

by 

not 

out 

through 

while 

as 

down 

now 

over 

till 

with 

When  you  are  in  need  of  a creative  solution,  you  have  only  to  try  different 
ways  of  "relating"  the  elements.  Crovitz  uses  Duncker's  classic  x-ray  prob- 
lem as  an  example.  Although  this  problem  was  described  in  the  chapter  on 
the  development  of  problem-solving  skills,  1 will  present  it  again  briefly. 
The  problem  is  to  get  rid  of  an  inoperable  stomach  tumor  with  x-rays  with- 
out harming  the  healthy  tissues.  However,  when  the  radiation  is  intense 
enough  to  destroy  the  tumor,  it  will  also  harm  the  healthy  tissue  surround- 
ing it.  The  best  solution  involves  using  several  weak  rays  through  different 
parts  of  the  body  so  that  they  will  summate  on  the  tumor.  Crovitz  (1970, 
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p.  102)  demonstrated  how  the  relational  algorithm  can  be  used  to  find  a 
solution  to  this  and  other  problems.  The  procedure  is  fairly  simple.  Form  a 
sentence  with  each  relational  word  using  it  as  it  might  relate  to  the  tumor. 
For  example: 

• Take  the  rays  through  the  esophagus. 

• Take  the  sensitivity  from  the  tissues. 

• Take  tissue  off  the  tumor. 

• Take  strong  rays  after  weak  rays. 

• Take  a shield  on  stomach  walls. 

• Take  the  tumor  across  the  stomach. 

• Take  a cannula  through  the  stomach  wall. 

• Take  the  power  from  the  rays. 

• Take  the  tumor  to  the  exterior. 

Crovitz  claimed  that  this  method  works  well  because  it  forces  the  individ- 
ual to  consider  new  relationships  between  the  parts  of  the  problem. 

Plus,  Minus,  Interesting 

Plus,  Minus,  Interesting  (PMl)  is  a plan  for  beginning  the  problem- 
solving process  that  was  suggested  by  de  Bono  (1976).  When  you  are 
searching  for  a solution  to  an  intractable  problem,  one  way  to  begin  is  to 
list  all  of  the  "givens"  in  a problem  and  all  possible  solutions  (even  ones 
that  are  unrealistic)  and  to  consider  for  each  what  is  positive  about  it,  what 
is  negative  about  it,  and  what  makes  it  interesting.  The  idea  behind  this 
process  is  that  a careful  and  methodic  consideration  of  various  compo- 
nents of  different  solutions  and  other  aspects  of  the  problem  will  help  the 
problem-solver  to  find  new  solutions  by  highlighting  positive  aspects  and 
eliminating  negative  ones.  The  use  of  the  "interesting"  category  will  help 
the  problem-solver  to  consider  what  makes  a solution  interesting  and 
thereby  lead  to  the  consideration  of  additional  alternatives.  It  is  a plan  for 
seeking  information  that  may  be  relevant  to  a solution,  and  like  all  of  the 
other  strategies,  it  provides  a guide  for  exploring  knowledge  nets. 

Activating  Inert  Knowledge 

All  of  the  strategies  for  creative  thinking  are  designed  to  increase  the  "flow 
of  ideas."  Psychologists  call  this  improving  "ideational  fluency."  The 
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problem-solver  is  given  a plan  for  generating  ideas.  She  is  told  the  kind  of 
information  she  should  consider  (givens  and  possible  solutions)  and  how 
to  evaluate  them.  Earlier  in  this  book,  i talked  about  the  importance  of 
tickling  memory.  This  is  particularly  important  when  you  seem  to  have 
"run  out  of  ideas."  There  are  several  simple  plans  that  can  be  employed 
when  this  happens.  For  example,  in  a study  described  by  Perkins  (1985), 
children  were  instructed  to  list  words  that  they  might  use  when  writing  a 
composition  about  a selected  topic.  The  children  were  given  a few  minutes 
to  complete  this  prewriting  task.  The  researchers  reported  that  after  only  a 
few  hours  of  training  with  this  method,  the  children  were  writing  longer 
and  better  passages.  Let's  consider  the  simple  elegance  behind  this  proce- 
dure. By  listing  topic-relevant  words,  the  students  were  required  to  think 
about  their  knowledge  of  the  topic  before  they  began  to  write.  They  made 
their  knowledge  about  the  topic  more  available  for  use  in  their  composi- 
tion. it  forced  them  to  plan  their  response. 

There  is  some  evidence  that  people  can  learn  to  be  more  creative  by  practic- 
ing creative  tasks  such  as  writing  slogans,  nicknames,  and  identifying  simi- 
larities and  differences  between  objects  (Benedek,  Finke,  & Neubauer, 
2006).  The  researchers  concluded  that  ideational  fluency  can  be  increased 
with  training,  and  they  argue  for  the  use  of  computer-based  training  pro- 
grams to  enhance  creativity,  it  is  clear  that  we  can  all  be  more  creative 
when  creativity  is  valued  and  encouraged. 

Writing  is  one  of  the  most  creative  tasks  that  we  can  be  asked  to  do.  Stu- 
dents and  even  prolific  authors  often  complain  about  "writer's  block."  The 
simple  method  of  first  generating  words  related  to  a topic  is  applicable  at 
all  levels  and  should  help  to  eliminate  writer's  block  because  it  is  a way  of 
activating  one's  knowledge  of  the  topic  so  that  it  can  be  used.  1 have  used 
it  in  several  college  classes  that  1 teach  with  good  results. 

Browsing 

in  our  society,  we  have  great  institutions  that  function  as  repositories  for 
ideas.  They  are  called  libraries.  Of  course,  the  internet  offers  a seemingly 
limitless  amount  of  information  that  could  stimulate  new  ideas.  Pick  up 
newspapers  and  magazines,  case  histories  and  biographies,  scholarly  jour- 
nals, joke  books,  and  even  children's  literature.  Use  a broad  range  of 
sources.  You  cannot  make  "remote  associations"  or  borrow  ideas  from 
other  fields  if  your  own  knowledge  is  confined  to  a narrow  discipline.  This 
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technique  is  easier  than  ever  because  there  are  many  quality  resources 
available  online,  so  we  can  "browse"  in  our  jammies  late  at  night,  but  be 
careful — there  is  also  a great  deal  of  worthless  and  even  harmful  junk  on 
the  Internet.  Be  sure  that  you  can  tell  the  difference  between  scholarly  and 
applied  research,  and  unsubstantiated  "hot  air"  that  is  blowing  around  on 
the  Internet. 

Use  qualitative  and  quantitative  information.  Census  reports  can  suggest 
new  problems  because  they  succinctly  state  what  people  are  doing,  where 
they  are  doing  it,  what  they  are  eating,  how  they  are  living,  and  how  they 
are  dying.  Learn  something  new  every  day.  If  you  pick  up  a journal  at  ran- 
dom and  read  one  new  article  a day,  you  will  be  surprised  at  how  the  newly 
acquired  information  crops  up  in  everyday  contexts.  You  can  also  browse 
with  quality  television  shows  like  Point  of  View,  60  minutes,  and  National 
Geographic.  They  contain  a wealth  of  fascinating  information  on  almost 
any  topic  of  interest.  Do  not  forget  to  go  to  museums,  art  galleries,  theater, 
and  the  opera.  If  you  feel  that  you  cannot  afford  these  outings,  remember 
that  many  have  a "free  day"  once  a month  and  offer  reduced  rates  for  stu- 
dents, the  elderly,  and  groups. 

Visual  Thinking 

When  Mozart  was  asked  where  he  got  his  ideas  he  said,  "Whence  and 

how  they  come  1 know  not;  nor  can  1 force  them." 

— (quoted  in  RE.  Vernon,  1970,  p.  53) 

Creative  thinking  often  calls  for  images.  The  musician  must  first  "hear"  the 
sounds  before  she  places  the  notes  on  paper,  the  poet  must  hear  the  rhyme 
before  it  is  written,  the  painter  must  see  the  forms  before  his  first  brush 
stroke,  and  the  chef  must  "taste"  the  combination  of  ingredients  before  the 
new  recipe  is  created.  It  does  seem  that  there  are  certain  creative  acts  for 
which  words  are  inadequate.  Most  people  report  that,  at  least  some  of  the 
time,  they  think  in  images.  An  image  is  a picture-like  representation  in  the 
mind.  (See  the  chapter  on  the  development  of  memory  skills  for  a discus- 
sion of  imagery.) 

Gonzalez,  Campos,  and  Perez  (1997)  examined  the  relationship  between 
imagery  and  creativity.  They  gave  high  school  students  tests  of  imagery 
and  spatial  ability  and  the  Torrence  Test  of  Creative  Thinking.  They  found 
positive  relationships  between  imagery  and  creativity,  which  were  stronger 
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for  the  students  with  high  IQs  than  for  students  who  score  within  the  aver- 
age range  on  intelligence  tests.  Other  researchers  have  suggested  a relation- 
ship between  creativity  and  imagery.  The  rationale  behind  this  proposed 
relationship  is  that  good  imagers  should  be  able  to  “see"  problems  in  ways 
that  should  help  them  to  generate  solutions  that  are  different  from  their 
peers  who  are  low  in  the  ability  to  create  images.  A suggested  method  for 
solving  problems  is  to  draw  a diagram,  thus  transforming  a verbal  problem 
into  a visual  one.  Adams  (1979)  calls  visual  thinking  an  "alternative  think- 
ing language."  It  is  an  alternative  to  verbal-based  thought.  Adams  suggests 
that  we  each  take  a drawing  course  to  improve  our  ability  to  see  and,  in 
turn,  to  think  creatively.  He  claims  that  we  can  improve  our  visual  thinking 
with  practice,  but  like  many  similar  claims,  the  evidence  is  not  presented 
in  a form  that  can  be  scrutinized. 

Imagine  the  following  (Adams,  1979,  p.  91): 

A pot  of  water  coming  to  a boil  and  boiling  over; 

Your  Boeing  747  being  towed  from  the  terminal,  taxiing  to  the  runway, 
waiting  for  a couple  of  other  planes,  and  then  taking  off; 

Your  running  cow  changing  slowly  into  a galloping  racehorse; 

An  old  person  you  know  well  changing  back  into  a teenager; 

A speeding  car  colliding  with  a giant  feather  pillow. 

Putting  it  all  Together 

Several  different  strategies  or  methods  to  produce  creative  thoughts  have  been 
presented.  It  would  be  naive  to  believe  that  if  you  can  recite  each  of  these 
methods,  you  will  automatically  have  creative  thoughts.  They  are  merely 
guidelines  for  hard  work,  and  some  of  us  will  have  to  work  harder  than 
others. 

It  is  clear  that  creative  thinking  is  a skill  that  can  be  cultivated.  The  strate- 
gies presented  in  this  chapter  are  the  plans  for  developing  that  skill.  You 
may  be  wondering,  “Where  do  I begin?"  You  begin  with  a problem  or  a 
need.  For  some,  creative  ideas  will  immediately  seem  to  flow;  for  others,  it 
will  be  more  like  pulling  teeth.  If  you  find  yourself  “out  of  fresh  new  ideas," 
try  the  techniques  listed  above.  Visualize  the  situation,  use  analogies  and 
metaphors,  consider  relations,  list  attributes,  mull  checklists,  and  brain- 
storm. The  creative  process  within  you  should  ignite  with  some  help  from 
these  strategies. 


Creative  Thinking  551 


Chapter  Summary 


• Creativity  involves  the  dual  notion  of  unusual  or  unique  and  good 
or  useful.  Because  both  of  these  attributes  always  involve  judg- 
ment, people  may  not  agree  on  which  actions  or  outcomes  deserve 
to  be  labeled  "creative." 

• DeBono  has  made  a distinction  between  vertical  thinking  and  lat- 
eral thinking.  Vertical  thinking  is  logical  and  straightforward,  while 
lateral  thinking  is  a creative  way  to  think  "around"  a problem. 

• An  increasingly  popular  view  in  psychology  is  that  creative  indi- 
viduals are  not  qualitatively  different  from  the  rest  of  us.  We  all 
have  the  ability  to  be  creative. 

• Virtually  all  creative  acts  will  involve  novel  ways  of  defining  a 
problem,  selecting  relevant  information,  and  judging  the  quality  of 
the  solution. 

• Creativity  has  been  described  as  a blend  of  sensitivity,  synergy,  and 
serendipity.  It  is  as  if  a fortuitous  event  brings  together  remote  ideas 
in  a person  who  is  sensitive  to  their  combination. 

• Creativity  can  be  understood  as  a cognitive  process  that  involves 
using  the  information  stored  in  memory  to  go  beyond  what  is 
learned  from  experience.  Cognitive  psychologists  describe  the  pro- 
cess as  a spread  of  activation  through  a knowledge  network  with 
repeated  cycles  of  generation  and  exploration. 

• Although  it  is  true  that,  in  general,  intelligent  people  are,  broadly 
speaking,  more  creative  than  less  intelligent  people,  it  seems  that  a 
minimal  level  of  intelligence  is  all  that  is  needed  for  creative 
expression. 

• Groups  tend  to  be  more  creative  than  individuals  working  alone, 
but  only  when  the  group  process  fosters  creativity  by  structuring 
group  interactions  so  that  members  are  supportive  of  each  other 
but  also  able  to  dissent. 

• Insight,  which  has  been  described  throughout  this  book  as  charac- 
teristic of  System  1 thinking,  is  an  important  component  to  cre- 
ative thinking.  To  develop  insight,  you  will  need  to  work  on 
predictable  projects  and  develop  expertise.  There  is  no  quick  and 
easy  route  to  insight. 

• Analogies  are  often  part  of  the  creative  process  in  which  solutions 
are  adapted  from  different  domains  of  knowledge. 
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• Creative  people  tend  to  be  self-motivated,  persistent,  tolerant  of 
ambiguity,  self-confident,  and  willing  to  take  risks. 

• Intrinsic  motivation  seems  to  be  one  of  the  best  predictors  of  cre- 
ative behavior.  In  order  to  encourage  the  production  of  creative 
outputs,  the  environment  should  be  designed  to  support  intrinsic 
motivation.  Extrinsic  motivation  can  encourage  creativity,  but  it 
works  only  when  it  conveys  the  idea  that  the  person  is  creative  and 
self-determination  is  not  undermined. 

• Several  strategies  to  foster  creative  thinking  were  presented.  Brain- 
storming is  based  on  the  supposition  that  if  you  have  many  ideas 
some  of  them  will  be  good.  Each  item  on  a checklist  of  creative 
ideas  can  be  applied  to  a problem  to  see  if  a creative  spark  is  struck. 
Crovitz's  relational  algorithm  relies  on  changing  the  relations  be- 
tween the  parts  of  a problem  to  arrive  at  a solution.  The  Plus, 
Minus,  Interesting  strategy  encourages  novel  solutions  by  requiring 
the  problem-solver  to  evaluate  various  aspects  of  the  problem. 
Analogies  and  metaphors  tune  us  in  to  similarities  and  differences 
that  can  be  valuable  in  creating  novel  solutions.  Visual  thinking 
seems  to  be  involved  in  many  sorts  of  creative  endeavors — espe- 
cially the  arts  and  sciences.  The  easiest  way  to  foster  creativity  is  to 
value  it. 

• All  of  the  strategies  to  enhance  creativity  involve  searching  an  in- 
dividual's knowledge  net  so  that  remote  ideas  can  be  associated, 
analogies  can  be  applied  across  domains  of  knowledge,  and  infor- 
mation that  is  stored  in  memory  can  become  available. 

The  following  creative  thinking  skills  were  developed  in  this  chapter.  Re- 
view each  skill  and  be  sure  that  you  understand  how  to  use  each  one. 

• defining  a problem  in  multiple  ways 

• brainstorming  to  increase  the  number  of  ideas  produced  (first 
alone,  then  in  a group) 

• working  with  people  from  different  backgrounds  in  order  to  increase 
the  probability  of  bisociative  thinking 

• considering  the  physical  changes  listed  in  the  creative  ideas  checklist 

• arranging  the  environment  to  maximize  intrinsic  motivation  or 
use  extrinsic  motivation  in  ways  that  convey  positive  messages 
about  creativity 

• encouraging  an  attitude  of  risk-taking 
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• evaluating  possible  solutions  using  the  suggestions  for  altering  a 
product 

• listing  and  combining  attributes  to  devise  a novel  product 

• forming  sentences  about  the  problem  using  relational  words 

• evaluating  solutions  and  other  aspects  of  the  problem  along  the 
dimensions  of  plus,  minus,  interesting 

• listing  terms  that  are  related  to  the  problem  before  you  attempt  a 
solution 

• gathering  additional  information 

• using  analogies  to  make  the  unfamiliar  known  and  distorting 
analogies  to  make  the  familiar  unknown 

• visualizing  the  problem 

• using  hypothesis-generating  suggestions,  such  as  considering  coun- 
terexamples, opposites,  anomalous  data,  and  the  others 

• discouraging  group  cohesiveness  so  unusual  thoughts  can  be 
considered. 


Terms  to  Know 


You  should  be  able  to  define  or  describe  the  following  terms  and  concepts. 

if  you  find  that  you  are  having  difficulty  with  any  term,  be  sure  to  reread 

the  section  in  which  it  is  discussed. 

Creativity.  The  act  of  producing  something  that  is  original  and  useful. 

Lateral  Thinking.  Thinking  "around"  a problem.  Used  to  generate  new  ideas. 
Sometimes  used  as  a synonym  for  creative  thinking.  Compare  with  vertical 
thinking. 

Vertical  Thinking.  Thinking  that  is  logical  and  straightforward.  Used  in  the  re- 
finement and  development  of  ideas.  Compare  with  lateral  thinking. 

Sensitivity.  Responsiveness  to  the  information  we  perceive  through  our 
senses,  which  includes  "noticing"  stimuli  that  may  be  critical  to  a creative 
solution. 

Synergy.  The  bringing  together  of  seemingly  disparate  parts  into  a useful  and  func- 
tioning whole.  Creative  thinking  often  seems  to  involve  such  combinations. 

Bisociative  Thinking.  Bringing  together  two  previously  unassociated  ideas  or 
"frames  of  reference." 

Serendipity.  A happy,  unexpecfed  discovery. 

Paradigm.  An  example  fhat  is  used  as  a pattern. 

Geneplore.  Term  coined  by  Finke,  Ward,  and  Smith  (1992)  to  denote  the  cycles  of 
generation  and  exploration  that  are  part  of  the  creative  process. 
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Metaphor.  An  analogy  or  comparison  that  notes  similarities  between  two  things 
that  are  basically  dissimilar. 

Insight.  Sudden  awareness  of  a solution. 

Incubation.  A period  of  time  when  not  working  on  a solution  that  is  followed  by 
a successful  solution. 

Spread  of  Activation.  When  information  is  recalled,  related  information  in 
memory  becomes  partially  activated  and  more  available  for  recall. 

Ideational  Fluency.  A flow  of  ideas.  Sfrategies  to  enhance  creativity  are  de- 
signed to  enhance  the  way  ideas  are  generated. 

Intrinsic  Motivation.  Inherent  desire  to  engage  in  a task  for  its  own  sake  and 
without  regard  for  reward  or  punishment. 

Extrinsic  Motivation.  Engaging  in  a task  in  order  to  receive  reward  or  to  avoid 
punishment. 

Brainstorming.  A group  or  individual  method  for  generating  solution  paths  for 
problems.  Problem-solvers  are  encouraged  to  think  up  wild,  imaginative  solu- 
tions and  to  defer  judgment  on  these  solutions  until  a later  time  when  they 
may  be  modified  or  combined.  The  goal  is  to  produce  a large  number  of  pos- 
sible solutions.  Best  when  first  done  alone,  followed  by  group  process. 

Creative  Ideas  Checklists.  Lisfs  that  suggest  ways  to  generate  creative  ideas  by 
varying  a problem's  components  and  relationships  between  the  components. 

Attribute  Listing.  A method  of  generating  creative  solutions  in  which  every 
characteristic  or  quality  of  the  item  or  situation  is  listed  and  then  examined  for 
possible  modification  or  recombination. 

Relational  Algorithm.  A method  for  generating  creative  ideas  that  relies  on 
changing  the  relations  between  items  using  relational  words  such  as  "on," 
"between,"  "under,"  and  "through." 

Plus,  Minus,  Interesting.  De  Bono's  (1976)  plan  for  searching  for  a solution  by 
noting  positive,  negative,  and  other  interesting  aspects  of  the  solutions  being 
considered. 

Ideational  Fluency.  The  process  of  generating  many  ideas  in  order  to  solve 
problems. 

Bionics.  The  use  of  analogies  from  nature  that  can  be  adapted  to  human 
problems. 

Image.  A picture-like  representation  in  the  mind. 


Answers  to  remote  associations  presented  earlier  in  the  chapter:  1.  Bill  2. 
Nail  3.  Pot  4.  Fly  5.  Coach 
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Thinking  is  like  loving  and  dying: 

Each  must  do  it  for  him  (her)  self. 

— Anonymous 


Congratulations!  Because  of  your  expertise  in  critical  thinking,  you  landed  a 
high-level  management  position  with  one  of  the  world's  largest  international 
chocolate  companies.  Sadly,  you  received  news  that  child  labor  is  being  used 
to  produce  cocoa.  Consumers  have  no  idea  how  complex  it  is  to  get  cocoa  to 
market.  Your  company  has  40,000  separate  suppliers  in  Africa.  An  international 
work  force  is  dependent  on  the  success  of  your  company  to  pay  their  bills,  and 
consumers  seem  to  care  more  about  getting  high-quality  chocolate  than  the 
use  of  forced  child  labor.  Changes  in  your  production  methods  will  drive  up 
the  price  of  your  product,  which  will  probably  reduce  sales  and  consequently 
profits,  but  it  is  hard  to  estimate  how  sales  will  vary  as  a function  of  price  be- 
cause your  company  has  never  had  a single  large  price  increase.  The  ethics  are 
clear — you  will  not  continue  to  use  child  labor.  But  your  ethics  cloud  when  you 
learn  that  many  of  these  children  are  supporting  their  families,  who  might 
starve  without  their  income.  The  problem  is  real-world  messy.  It  involves  many 
of  the  skills  presented  throughout  this  book.  How  do  you  tackle  a problem  of 
this  size  and  severity?  (Case  adapted  from  Chatterjee  & Elias,  2007) 
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This  scenario  is  a case  study  that  is  used  in  business  schools,  but  it  is  based 
on  an  investigative  series  of  child  labor  in  the  production  of  cocoa  that  was 
authored  by  Sumana  Chatterjee  (2008).  She  described  her  experiences:  “My 
job  was  to  spark  the  thinking  process"  (para  2).  This  sort  of  messy  real- 
world  problem  is  exactly  the  sort  that  requires  critical  thinking.  Apply  what 
you  have  learned  in  this  book  to  this  problem  and  the  many  others  that 
you  will  face  as  a responsible  adult  in  the  21"  century.  You  need  to  frame 
the  problem  in  multiple  ways  and  then  determine  which  thinking  skills 
will  help  you  get  to  a desired  goal. 

As  you  worked  your  way  through  this  book,  you  learned  how  to  use  a wide 
variety  of  critical  thinking  skills;  now  all  you  have  to  do  to  become  a better 
thinker  is  use  them  appropriately.  Each  chapter  dealt  primarily  with  one 
category  of  critical  thinking  skills — using  likelihoods  to  reduce  uncertainty, 
analyzing  and  making  arguments,  solving  problems  with  a variety  of  hints 
and  prompts,  and  reasoning  with  quantifiers,  to  name  just  a few.  The  sepa- 
ration of  critical  thinking  skills  into  categories  was  necessary  so  that  the 
skills  could  be  learned  and  practiced  in  manageable  units.  Unfortunately, 
critical  thinking  does  not  break  into  neat  and  separate  categories,  and 
mixed  sorts  of  skills  are  needed  in  most  situations.  Memory  must  always  be 
accessed,  the  type  of  representation  and  the  words  we  use  influence  how 
we  think,  evidence  always  needs  to  be  considered,  thinking  must  be  logi- 
cal, and  so  on.  As  you  go  through  life,  you  will  need  to  use  all  of  the  skills 
that  you  practiced  and  improved  in  each  of  the  chapters.  But,  most  impor- 
tantly, you  need  to  adopt  the  attitudes  and  dispositions  of  a critical  thinker. 
You  need  to  find  problems  that  others  have  missed,  support  conclusions 
with  good  evidence,  and  work  persistently  on  a host  of  problems. 

It  may  be  useful  to  think  about  critical  thinking  skills  as  a tool  box  filled 
with  many  skills.  The  trick,  if  there  is  one,  is  to  select  the  right  skill  for  the 
right  task.  A framework  for  thinking  is  proposed  to  guide  that  process. 

Framework  for  Thinking 

Thinking  ...  is  continuous,  a series  of  informed  improvisations  more 
like  those  of  a jazz  musician  than  the  playing  of  a classical  musician 
performing  a set  piece  of  music  from  a score. 

— Richard  M.  Restak  (1988,  p.  233) 

Unfortunately,  there  is  no  simple  "how  to"  formula  that  can  be  used  in 
every  situation  that  calls  for  critical  thought.  You  already  know  about  the 
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importance  of  planning  as  one  of  the  attitudes  or  predispositions  for  criti- 
cal thinking,  but  knowing  that  it  is  important  to  plan  is  of  little  value  if 
you  do  not  know  how  to  plan.  Consider  the  following  advice  about  wilder- 
ness survival  that  appeared  in  a phone  directory: 

Wilderness  Survival 

Things  you  must  NOT  do: 

• Wear  brand  new  boots. 

• Leave  an  open  fire  unattended. 

• Panic.  If  you  meet  trouble,  stop  and  think. 

I am  sure  that  the  first  two  recommendations  are  excellent,  but  I am  less 
confident  about  the  value  of  telling  someone  to  think  without  any  instruc- 
tions about  how  to  go  about  it.  Presented  below  is  a general,  all-purpose 
framework  or  guide  that  can  be  used  to  direct  the  thinking  process.  It  is 
not  a sure-fire  guarantee  to  good  thinking  (there  are  none),  but  it  is  a way 
of  getting  started  and  ensuring  that  the  executive  processes  needed  in 
thinking — planning,  monitoring,  and  evaluating — are  being  used  in  a re- 
flective manner.  You  can  probably  guess  why  these  are  called  executive 
processes.  They  function  like  the  “boss"  in  a busy  office  by  directing  the 
flow  of  work  and  deciding  where  to  put  the  available  resources.  The  frame- 
work is  a series  of  questions,  some  of  which  may  be  repeated  several  times 
during  the  thinking  process,  which  are  general  enough  to  be  useful  in  a 
wide  variety  of  applications,  including  reasoning  from  premises,  analyzing 
arguments,  testing  hypotheses,  solving  problems,  estimating  probabilities, 
making  decisions,  and  thinking  creatively. 

Although  the  framework  will  remain  the  same  for  all  thinking  tasks,  the 
actual  skills  used  will  vary  with  the  nature  of  the  task.  The  proposed  frame- 
work is  an  adaptation  of  the  problem-solving  procedures  originally  pro- 
posed by  the  brilliant  mathematician  and  scholar  George  Polya  in  1945. 
Polya's  model  was  presented  in  the  chapter  on  problem  solving. 

As  you  progressed  through  the  chapters  in  this  book,  you  gained  experi- 
ence in  applying  this  framework  in  different  contexts  and  different  knowl- 
edge domains.  The  thinking  skills  you  acquired  as  you  worked  through  this 
book  will  transfer  to  other  contexts  if  you  acquire  the  habit  of  using  the 
framework.  It  is  an  easy-to-use  guide  that,  through  repeated  practice, 
should  become  automatic.  The  following  questions  guide  the  thought 
process: 
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What  is  the  Goal? 

Critical  thinking  was  defined  as  the  use  of  those  cognitive  skills  or  strate- 
gies that  increase  the  probability  of  a desirable  outcome.  This  term  is  used 
to  describe  thinking  that  is  purposeful,  reasoned,  and  goal  directed.  The 
first  step  in  improving  thinking  is  to  be  clear  about  the  goal  or  goals.  What 
is  it  that  you  want  to  do?  Real  life  problems  are  messy.  Sometimes  there  are 
multiple  goals,  and  sometimes  you  will  return  to  this  question  several 
times,  as  your  understanding  of  the  goal  will  often  change  after  you  have 
worked  for  a while.  A clearly  articulated  goal  will  provide  direction  to  the 
thinking  process  and  allow  you  to  make  better  decisions  about  the  skills 
you  need  to  use.  In  the  course  of  thinking  about  real  world  problems,  you 
may  need  to  change  direction  and  redefine  the  problem  and  the  desired 
outcome  several  times,  but  it  is  still  Important  to  have  an  outcome  in  mind 
to  provide  some  focus.  After  all,  if  you  do  not  know  where  you  are  going, 
you  can  never  be  sure  whether  you  have  arrived.  In  the  problem  in  the 
opening  scenario,  an  initial  goal  might  have  been  to  produce  high-quality 
cocoa  at  a reasonable  price  without  using  child  labor.  But  after  learning 
more  about  the  situation,  the  goals  might  shift  to  include  the  idea  that  you 
also  need  to  help  the  families  of  the  children  from  starving  when  you  ter- 
minate the  children's  jobs.  Complex  real-world  problems  have  a large  vari- 
ety of  possible  goals.  The  skills  needed  to  reach  these  goals  might  include 
deciding  between  a set  of  possible  alternative  solutions,  generating  a novel 
solution,  synthesizing  information,  evaluating  the  validity  of  evidence, 
determining  the  probable  cause  of  some  events,  considering  the  credibility 
of  an  information  source,  and  quantifying  uncertainty. 

Are  you  making  a decision  about  whether  to  have  a heart  transplant  or 
what  flavor  ice  cream  to  select  from  the  corner  store?  Impulsive  thinking 
about  ice  cream  flavors  is  not  a bad  thing  and  does  not  require  critical 
thinking;  life  and  death  decisions  do.  Not  everything  we  do  in  life  requires 
critical  thought,  but  many  of  life's  important  decisions  do.  The  way  you 
identify  the  goal  should  help  you  plan  the  time  and  effort  required  by  the 
situation. 

What  is  Known? 

This  is  the  starting  point  for  directed  thinking.  Although  this  may  seem 
fairly  straightforward  now,  when  you  actually  use  this  framework  on  real 
problems,  you  will  find  that  you  may  have  to  return  to  the  "knowns"  sev- 
eral times  as  you  interpret  and  reinterpret  the  situation.  Some  information 
will  be  known  with  certainty;  other  information  may  be  only  probably  true 
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or  partially  known.  This  step  will  also  include  recognizing  gaps  in  what  is 
known  and  the  need  for  further  information  gathering.  For  example,  you 
would  want  to  know  if  the  children  are  really  being  exploited  or  whether 
they  work  perhaps  two  hours  a day  making  a good  wage  and  spend  another 
five  hours  in  a quality  school.  (Sounds  like  wishful  thinking,  but  you  would 
need  to  know  about  the  work  conditions  in  your  manufacturing  plants 
before  you  can  derive  a solution  to  the  problem  of  child  labor.)  There  will 
be  much  data  gathering  and,  along  with  it,  considerations  about  whether 
the  information  is  credible. 

Which  Thinking  Skill  or  Skills  will  Get  You  to  Your  Goal? 

Once  you  have  some  idea  of  where  you  are  (the  knowns  or  givens)  and 
where  you  are  going  (the  goal  or  purpose),  you  are  better  able  to  plan  goal- 
directed  thinking  processes.  Knowing  how  to  get  from  where  you  are  to 
where  you  want  to  be  is  the  power  of  critical  thinking.  Just  as  there  are 
many  different  possible  goals,  there  are  many  different  strategies  for  attain- 
ing them.  Let's  consider  the  "thinking  is  like  a map"  analogy  that  was 
presented  in  the  first  chapter  because  it  can  help  to  clarify  some  abstract 
concepts  by  making  them  more  concrete.  Suppose  you  are  about  to  go  on 
a trip  to  visit  two  old  friends.  One  has  become  a Buddhist  monk  and  lives 
high  on  a mountaintop  in  the  Himalayas.  The  other  has  become  a surfing 
champion  and  is  living  on  the  beautiful  island  of  Hawaii.  You  would  have 
to  use  a different  method  of  travel  to  reach  each  destination;  one  involves 
scaling  a mountain,  the  other  deciding  between  a plane  or  boat  (assuming 
that  you  are  not  presently  on  the  mountaintop  or  in  Hawaii).  Similarly, 
you  will  have  to  use  different  thinking  skills  with  different  types  of  thought 
processes. 

This  step  will  involve  generating  and  selecting  the  appropriate  strategy  to 
reach  the  goal.  How  can  you  be  sure  that  no  child  labor  was  used  to  pro- 
duce the  products  you  purchase  from  all  of  your  suppliers?  There  will  need 
to  be  independent  verification  from  trusted  sources.  Can  you  find  adult 
family  members  who  can  learn  how  to  produce  cocoa  after  the  children  are 
removed  from  the  manufacturing  plants?  Maybe  you  can  set  up  an  on-site 
school  so  the  children  who  are  now  working  can  easily  get  an  education 
that  prepares  them  for  their  adult  life. 

Have  You  Reached  Your  Goal? 

A concern  with  accuracy  is  probably  the  best  predictor  of  success.  Does 
your  solution  make  sense?  Did  you  find  a way  to  eliminate  all  child  labor 
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from  your  own  plant  and  that  of  your  suppliers,  while  keeping  production 
costs  low  enough  to  sell  your  chocolate  at  a reasonable  price  and  while 
being  sure  that  the  children's  families  can  succeed? 

A Desirable  Outcome 

The  definition  of  critical  thinking  that  was  used  throughout  this  book  in- 
volved the  conscious  use  of  critical  thinking  skills  to  achieve  a desirable 
outcome.  Does  the  idea  of  a "desirable  outcome"  seem  more  appropriate 
now  that  you  have  read  this  book?  Schneider  (2007,  p.  269)  provided  a 
thoughtful  analysis  of  what  is  meant  by  a desirable  outcome: 

Some  of  the  decisions  you  and  i will  make  will  be  bad  bets  because  we 
lacked  important  information  and  failed  to  use  that  at  our  disposal. 
But  a person  who  wanted  to  win  at  the  game  of  life  would  certainly 
want  to  act  of  the  basis  of  the  most  accurate  beliefs  he  could  muster. 
Thus,  the  ultimate  answer  to  the  question  of  why  beliefs  matter  is  that 
those  whose  belief  machines  lead  them  astray  will  lose  more  of  life's 
bets.  Misery  may  love  company,  but  it  positively  adores  a corrupt  belief 
machine. 

Does  the  working  definition  of  critical  thinking  seem  like  it  captured  the 
multiple  dimensions  of  complexity  that  are  inherent  in  critical  thinking? 
Can  you  and  will  you  use  some  of  the  thinking  skills  in  your  own  life — to 
make  decisions,  read  about  and  plan  research,  understand  the  structure  of 
a written  passage,  think  creatively,  remember  more  effectively,  and  more? 
Are  you  more  likely  to  have  a desirable  outcome  because  of  something  that 
you  learned?  Have  you  adopted  at  least  some  of  the  attitudes  of  a critical 
thinker? 

Can  Critical  Thinking  Save  the  World? 


The  greatest  threat  to  the  world  is  ideological  fanaticism.  By  ideological 
fanaticism  1 mean  the  unshakeable  conviction  that  one's  belief  system 
and  that  of  other  in-group  members  is  always  right  and  righteous  and 
that  others'  belief  systems  are  always  wrong  and  wrong-headed. 

— Scott  Lilienfeld  (2007,  para.  3) 

Lilienfeld  (2007)  asked  if  psychology  can  save  the  world.  1 am  changing  his 
question  by  substituting  "critical  thinking"  for  "psychology"  because  1 be- 
lieve that  it  is  closer  in  meaning  to  what  he  meant.  Can  people  learn  to 
think  better,  and  in  doing  so,  resist  some  of  the  greatest  horrors  of  the  last 
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century — Hitler's  Nazism,  Mao  Tse  Tsung's  Cultural  Revolution,  and  Pol 
Pot's  Khmer  Rouge?  The  answer  to  this  question  would  require  a grand 
experiment — teaching  the  skills  of  critical  thinking  and  then  seeing  if  we 
have  a better  world. 

Even  if  we  can  never  have  a definitive  answer  to  this  question,  there  are 
many  people  around  the  world  who  believe  that  critical  thinking  can  be 
"an  effective  (partial)  antidote  against  ideological  fanaticism"  (Lilienfeld, 
2007,  para.  5).  As  1 write  this  final  chapter,  much  of  world  is  outraged  over 
the  shooting  of  a young  girl  by  the  Taliban  in  Pakistan.  Her  crime?  She 
spoke  out  in  support  of  education  for  girls.  Taseer  (2012,  para.  11)  called 
her  attackers  "merchants  of  hatred,"  who  fear  education  because  an  edu- 
cated citizenry  would  resist  the  hate  that  is  being  taught  instead.  He  elo- 
quently explained  that  "Terrorism  bears  within  it  the  seeds  of  its  own 
destruction.  What  schools  with  a good  syllabus  can  offer  is  the  timeless  and 
universal  appeal  of  critical  thinking.  This  is  what  the  Taliban  are  most 
afraid  of.  Critical  thinking  has  the  power  to  defuse  terrorism;  it  is  an  inter- 
nal liberation  that  jihadism  simply  cannot  offer." 

Happily,  there  are  some  data  to  support  the  idea  that  we  might  avoid  or 
reduce  the  severity  of  ideological  fanaticism.  The  Holocaust  was  "unprec- 
edented in  its  cruelty";  yet  even  in  the  nightmare  that  was  World  War  11, 
there  were  incredible  acts  of  heroism  and  altruism  (Oliner,  1992).  Rescuers 
risked  their  own  lives  and  that  of  their  family  members  to  save  Jews  and 
members  of  other  persecuted  groups  from  a certain  death.  How  did  they 
differ  from  "bystanders"  who  did  nothing  but  watch  the  raging  carnage 
taking  place  around  them?  This  is  a complex  question;  Oliner,  who  com- 
pared rescuers  to  bystanders  on  numerous  dimensions,  found  that  the 
rescuers  encouraged  independent  thinking  in  their  own  children  and  seem 
to  have  learned  this  disposition  from  their  parents.  Similarly,  a recent  study 
showed  teens  who  were  adept  at  making  arguments  when  discussing  con- 
tentious topics  with  their  parents  (e.g.,  grades,  drugs)  were  more  indepen- 
dent thinkers  that  other  teens  and  were  also  better  able  to  resist  drug  use 
(Allen,  Change,  Szwedo,  Schad,  & Marston,  2012).  It  just  may  be  that  in- 
struction in  critical  thinking  can  save  the  world,  at  least  in  some  small  part. 


Going  Forward 


Ideas  are  far  more  powerful  than  guns.  We  don't  let  our  people  have 
guns.  Why  should  we  let  them  have  ideas? 


-Joseph  Stalin  (1879-1933) 
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As  you  look  back  on  your  journey  through  this  book,  I hope  that  you  will 
recall  that  there  is  a large  body  of  research  literature  showing  that  thinking 
skills  and  dispositions  can  improve  with  specific  instruction  designed  to 
enhance  critical  thinking  (e.g.,  Abrami  et  al.,  2008).  When  critical  thinking 
skills  are  learned  and  applied  appropriately,  people  can  become  better 
thinkers.  And  perhaps,  most  hopefully,  the  ability  to  think  critically  just 
might  help  us  achieve  a better  world.  As  you  face  the  decisions  and  prob- 
lems of  living,  1 hope  that  you  can  use  the  knowledge  gained  from  this 
book  to  achieve  a meaningful  life.  You  are  what  and  how  you  think.  Be  sure 
to  act  on  your  thoughts  and  to  use  them  to  advance  yourself  and  to  im- 
prove even  a small  corner  of  the  world.  Think  well  and  with  great  wisdom. 
The  future  depends  on  it. 


^^You^ve  taught  me  how  to  thtnkP 


Woman  to  large  creature:  "You've  taught  me  how  to  think."  (Issue  Publication  Date: 
09/12/1988,  Edward  Koren  / The  New  Yorker  Collection  / www.CartoonBank.com.) 


APPENDIX 


LIST  OF  CRITICAL  THINKING  SKILLS 


Chapter  1 


Thinking:  An  Introduction 


Skill 

Description 

Examples  of  Use 

A.  Recognizing 
the 

difference 
between 
System  1 
and  System 
2 thinking. 

System  1 thinking  is 
fast  and  automatic; 
System  2 is  slower 
and  more  effortful. 
System  1 is 
informed  by 
System  2. 

If  you  are  deciding  whether  to  trust 
someone,  your  first  and  fast 
response  reflects  System  1 ; a slower 
more  thoughtful  response  based  on 
what  you  know  about  the  person 
reflects  System  2.  System  1 is  more 
likely  to  be  accurate  when  an 
expert  has  worked  in  a field  with 
regular  feedback  so  that  judgments 
can  become  self-correcting. 

B.  Developing 
the 

disposition  of 
a critical 
thinker  (CT). 

CTs  are  willing  to 
plan,  be  flexible,  be 
persistent,  are  willing 
to  correct  errors,  be 
mindful,  and  are 
able  to  achieve 
consensus  when 
necessary. 

A politician  with  the  disposition  of 
a CT  gathers  and  considers 
information  to  make  decisions  that 
are  in  the  best  interest  of  the 
citizens,  admits  when  wrong,  and 
is  able  to  persuade  others  that  the 
chosen  decision  is  best. 
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Chapter  2 


Thinking  Starts  Here:  Memory  as  the  Mediator  of  Cognitive 
Processes 


Skill 

Description 

Examples  of  Use 

A.  Monitoring  your 
attention. 

When  reading, 
listening,  or  viewing 
information  that 
you  need  to  know 
be  aware  of,  how 
well  you  are  paying 
attention. 

If  you  are  reading  a book,  it 
is  easy  to  move  your  eyes 
across  the  words  without 
getting  any  meaning.  Stop  at 
the  end  of  each  section  and 
write  a sentence  or  two 
about  what  you  have  read  as 
a way  to  monitor  your 
attention. 

B.  Developing  an 
awareness  of  the 
influence  of 
stereotypes  and 
other  beliefs  on 
what  we 
remember. 

Our  beliefs  about 
groups  of  people 
influence  what  we 
attend  to  and  what 
we  remember  about 
them. 

If,  for  example,  you  believe 
that  overweight  people  are 
lazy,  be  especially  vigilant  for 
ways  this  belief  is  determining 
what  you  pay  attention  to  and 
what  you  remember  about  an 
overweight  friend. 

C.  Making  abstract 
information 
meaningful  as  an 
aid  to 

comprehension 
and  recalling. 

Concrete 
information  that 
you  are  able  to 
visualize  is  easier  to 
recall  than  abstract 
concepts  that  are 
not  easily  visualized. 

Abstract  concepts  such  as  some 
principles  in  physics  or 
government  are  difficult  to 
comprehend  and  recall.  Relate 
them  to  something  that  is 
already  known  and  meaningful. 

D.  Using  advance 
organizers  to 
anticipate  new 
information  and 
to  prepare  for 
reading 

information  that 
provides  a guide 

Information  that 
provides  a guide  for 
learning  can  be 
helpful  when 
viewed  before 
learning. 

Most  books  have  a table  of 
contents  that  you  should  read 
carefully  before  reading  the 
text  because  the  organizing 
structure  will  make  learning 
and  remembering  easier. 

Skill 

Description 

Examples  of  Use 

for  learning  can 
be  helpful  when 
viewed  before 
learning. 

E.  Organizing 
information  so 
that  it  can  be 
recalled  more 
easily. 

Random  lists  of 
items  are  more 
difficult  to  recall 
than  information 
that  is  organized 
into  categories. 

Organize  information  in  ways 
that  are  meaningful  to  you.  For 
example,  when  learning  human 
anatomy,  organize  parts 
according  to  their  role  in  the 
body,  proximity  to  each  other, 
or  some  other  categorization. 

F.  Overlearning 
because  you 
know  that  it  will 
increase  the 
probability  and 
accuracy  of  recall. 

Memory  traces  are 
strengthened  when 
you  review  newly 
learned  materials 
several  times  after 
the  initial  learning. 

Review  any  topic  you  recently 
learned  as  a way  of  ensuring 
long-term  retention. 

G.  Recognizing  that 
although  you 
may  be  very 
confident  that 
you  are  recalling 
an  event 
accurately,  there 
is  a high 
probability  that 
your  memory  is 
not  as  accurate 
as  it  feels. 

People  are  often 
highly  confident 
about  memories 
that  are  inaccurate. 

By  understanding  that  you  may 
be  confident  in  your  memory 
for  some  event  and  that  this 
memory  may  be  inaccurate, 
you  can  avoid  many  errors 
based  on  using  that  memory 
(e.g.,  wrongfully  convicting 
someone  based  on  eye  witness 
testimony). 

H.  Generating 
retrieval  cues  at 
both  acquisition 
and  retrieval. 

Isolated  information  is 
more  difficult  to  recall 
than  information  that 
has  many 
connections  in 
memory. 

When  learning  something,  link 
the  new  information  to 
something  that  you  already 
know.  Look  for  connections  so 
that  the  newly  learned 
information  will  be  easier  to 
recall. 

(Continued) 


Skill 

Description 

Examples  of  Use 

1.  Practicing  recall 
for  infornnation 
that  you  are 
intentionally 
trying  to  learn. 

This  is  called  the 
"testing  effect."  By 
repeatedly  recalling 
information,  it  gets 
easier  to  recall  in 
the  future. 

When  you  finish  learning  a new 
skill,  such  as  how  to  use  new 
software,  try  new  examples  of 
how  it  might  be  used  and 
continue  to  use  the  software 
spaced  over  many  days  and 
weeks  until  it  is  well-learned. 

J.  Monitoring  how 
well  you  are 
learning. 

While  you  are 
learning  something 
new,  make 
judgments  about 
how  well  you  are 
learning. 

Be  sure  that  you  can 
summarize  newly  learned 
information  and  estimate  how 
well  you  are  learning.  If  the 
learning  is  not  going  well,  exert 
more  effort  in  the  learning 
process. 

K.  Using  external 
memory  aids. 

An  external  aid  is  a 
written  list  or 
calendar  reminder, 
among  others. 

If  you  need  to  do  something  at 
some  point  in  the  future,  use 
an  alarm  system  on  you  smart 
phone  or  write  it  down  where 
you  will  see  it  when  it  needs  to 
be  done. 

L.  Applying 
cognitive 
interview 
techniques. 

A cognitive 
interview  is  a series 
of  techniques  that 
can  help  people 
recall  events,  these 
techniques  include 
being  complete, 
changing  the  order 
of  recall,  and 
changing 
perspective. 

When  trying  to  remember 
where  you  left  your  phone, 
consider  the  order  of  events 
forward  and  backward  when 
you  last  used  it  and  try  to  "see" 
these  events  from  different 
viewpoints. 

M.  Developing  an 
awareness  of 
biases  in 
memory  so  that 
you  can  consider 
the 

People  tend  to 
recall  information 
that  that  supports  a 
favored  conclusion 
and  to  recall  events 
that 

Deliberately  seek  and  attend  to 
information  that  disconfirms  a 
belief  and  learn  to  discount 
(not  ignore)  vivid,  personal, 
and  familiar  events.  Remember 
that  "quiet"  disasters  such  as 
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Skill 

Description 

Examples  of  Use 

way  your  own 
beliefs,  attitudes, 
and  background 
knowledge 
could  be 
influencing  what 
and  how  you 
remember. 

are  vivid,  personal, 
and  familiar. 

deaths  from  driving  are  more 
frequent  than  ones  that  involve 
a group  of  people  at  one  time, 
such  as  a plane  crash,  yet  many 
more  people  fear  plane  crashes. 

N.  Employing 
keywords  and 
images,  rhymes, 
places,  and  first 
letters  as  internal 
memory  aids. 

Mnemonics  are 
memory  aids  that 
individuals  use  to 
help  them  recall 
information. 

To  remember  a list  of  points 
you  need  to  list  in  response  to 
an  essay  question,  use  the  first 
letters  to  make  a word  or 
sentence  or  visualize  them  at 
different  locations  along  a 
route. 

Chapter  3 


The  Relationship  between  Thought  and  Language 


Skill 

Description 

Examples  of  Use 

A.  Recognizing  and 
defending 
against  the 
inappropriate  use 
of  emotional 
language, 
labeling,  name 
calling, 
ambiguity, 
vagueness,  and 
arguments  by 
etymology. 

This  is  an 
assortment  of 
common  misleading 
verbal  techniques 
based  on  language 
usage  in  which  a 
bias  for  or  against  a 
position  is  created 
with  the 
connotative 
meaning  of  the 
words  used  to 
describe  and  define 
the  concepts. 

CT  recognizes  the  use  of  biased 
language  in  numerous 
contexts,  such  as  the  following 
examples:  (a)  accidental  killing 
of  us  troops  referred  to  as 
"friendly  fire";  (b)  use  of  labels 
such  as  "pro-choice"  and  "pro- 
life" to  create  favorable 
impressions;  (c)  reports  of 
research  that  "suggests"  a 
finding  instead  of  stating  the 
results;  (d)  use  of  the  term 
"disinformation"  instead  of 
"lies";  (e)  calling  an  opponent 
a "pinko";  (f)  using  obscure 
terminology  as  a way 
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Skill 

Description 

Examples  of  Use 

of  inhibiting  comprehension; 
(g)  arguing  that  homosexuality 
must  be  sick  because  the  word 
"gay"  originally  meant  lewd 
and  lascivious. 

B.  Developing  the 
ability  to  detect 
nnisuse  of 
definitions, 
reification, 
euphemism,  and 
bureaucratese. 

These  techniques 
mislead  by  using 
arbitrary  definitions, 
treating  a construct 
as  though  it 
physically  exits, 
substituting  a more 
"polite"  term  for 
the  one  that  is 
intended,  and  using 
stilted  language. 

In  a discussion  of  whether 
alcoholism  is  a disease,  CT 
knows  that  the  answer  depends 
on  the  way  the  term  "disease" 
is  defined.  A hypothetical 
construct  is  defined  and  then 
treated  as  though  it  were 
objectively  real,  such  as  the  use 
of  terms  like  "self-defeating 
personality"  to  attribute  blame 
to  women  who  are  battered. 
Euphemism  is  substituting 
"bathroom  tissue"  for  "toilet 
paper"  (which  can  also  be 
thought  of  as  a euphemism); 
"Witnesseth"  in  legal 
documents  is  bureaucratese. 

C.  Thinking  about 
the  reason  for  a 
communication, 
the  background 
knowledge  of  the 
listener,  and  the 
context  when 
deciding  what 
and  how  to 
communicate. 

Six  rules;  tell  listener 
what  they  want  to 
know,  don't  say 
what  they  already 
know,  vary  style 
according  to  listener 
characteristics,  be 
truthful,  use  a 
simple  style,  use 
context  to  clarify 
meaning. 

If  telling  a child  about  your  job 
as  a programmer,  explain  in 
simple  language  how  you  write 
the  information  that  makes 
computers  do  tasks  and  show  a 
simple  example. 

Skill 

Description 

Examples  of  Use 

D.  Understanding 
the  use  of 
framing  with 
leading  questions 
and  negation. 

A framed  question 
or  negation  creates 
an  expectation  for 
the  type  of 
response. 

CT  recognizes  the  bias  in 
questions  like  "which  of  the 
presidential  candidates  is 
worse?"  (implication  that  both 
are  bad)  and  "don't  you  agree 
that  the  company  plan  is  sure 
to  work?"  (bias  toward  a 
positive  response). 

E.  Using  analogies 
appropriately, 
which  includes 
examining  the 
nature  of  the 
similarity  and  its 
relationship  to 
the  conclusion. 

Analogies  are 
effective  persuasive 
techniques — good 
analogies  are  based 
on  underlying 
relationships  that 
are  validly 
transferable 
between  the 
analogy  and  base 
domain. 

In  response  to  a suggestion 
that  welfare  recipients  serve  on 
welfare  boards,  a board 
member  replied  that  this  was 
like  suggesting  that  the 
mentally  retarded  serve  on  the 
boards  for  their  mental 
institutions.  CT  asks  if  the 
analogy  between  the  mentally 
retarded  (who  cannot  act 
intelligently)  and  welfare 
recipients  is  valid. 

F.  Deliberately  giving 
a variety  of 
examples  when 
thinking  about 
members  of  a 
category  so  that 
you  are  not 
thinking  about 
category  members 
in  terms  of  a 
prototype  (e.g., 
thinking  about 
many  ways  to  be 
successful,  not  just 
the  most  common 
examples  like 
making  a high 
salary). 

People  tend  to  think 
about  examples 
from  a category  in 
terms  of  the  most 
typical  member — 
for  example,  a robin 
or  sparrow  for  a 
bird. 

By  deliberately  giving  atypical 
answers,  you  might  respond 
with  penguin  or  emu  when 
asked  about  a bird. 

{Continued) 


Skill 

Description 

Examples  of  Use 

G.  Recognizing  the 
emotional 
components  of 
some  words  and 
the  way  word 
choices  can 
affect  how  you 
think  and  feel. 

Words  have 
cognitive  and 
emotive  meanings. 

Mother's  Cookies  have  an 
appealing  name  even  if  you 
know  they  are  baked  by  a large 
international  corporation  and 
not  a lone  sweet  mother  who 
cares  about  you. 

H.  Recognizing 
when  an  anchor 
may  be  biasing 
your  judgments 
about  a quantity 
or  cost  and 
deliberately 
trying  other 
values  that  could 
be  alternative 
anchors. 

An  anchor  is  a 
beginning  number 
that  influences  your 
judgments. 

You  are  more  likely  to  give 
more  money  to  a charity  when 
the  request  for  a donation 
starts  at  $1,000  rather  than  if  it 
starts  at  $5. 

1.  Employing 
questioning  and 
explaining  as  a 
skill  for  text 
comprehension. 

The  ability  to  state  a 
main  idea  and 
identify 

supplementary 
ideas  are 
essential  for 
comprehension. 

An  extended  presentation  is 
made  in  which  the  speaker 
includes  a main  idea, 
supplemental  information,  and 
irrelevant  information.  CTs  can 
summarize  meaningfully  what 
has  been  said. 

j.  Practicing  at 
retrieval  of 
information  so 
that 

remembering 
becomes  more 
accurate  and 
easier  with 
spaced  practice. 

One  of  the  best 
ways  to  learn 
something  is  to 
practice 

remembering  it. 

In  order  to  remember  these 
skills,  answer  questions  spaced 
over  time  about  each  skill  and 
then  check  the  accuracy  of 
your  answer. 
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Skill 

Description 

Examples  of  Use 

K.  Selecting  and 
using  graphic 
organizers  (linear 
arrays, 
hierarchies, 
networks, 
matrices,  flow 
charts). 

Converting 
information  from 
verbal  to  graphic 
formats  is  one 
measure  of 
comprehension  that 
can  be  useful  in 
applying  the 
information 
provided. 

Information  about  a spatial 
topic,  such  as  the  plan  for  a 
new  community,  is  presented 
in  prose.  CTs  can  convert  the 
information  to  a spatial 
representation.  Alternatively, 
CTs  can  chart  relationship 
information  when  it  is 
presented  in  prose 
(e.g.,  matrices,  hierarchies). 

Chapter  4 


Reasoning:  Drawing  Deductively  Valid  Conclusions 


Skill 

Description 

Examples  of  Use 

A.  Discriminating 
between 
deductive  and 
inductive 
reasoning. 

Recognizing  the 
differences  between 
reasoning  from  a 
rule  to  an  individual 
(deductive)  and 
from  individual 
observations  to 
formulate  rules 
(inductive). 

Inferring  attitudes  from 
behaviors  (inductive)  and 
predicting  behavior  from 
someone's  stated  attitudes 
(deductive). 

B.  Identifying 
premises  and 
conclusions. 

Being  able  to 
recognize  what  is 
being  advocated 
and  the  reasons 
for  it. 

Reading  a ballot  issue  and 
knowing  the  positions  that  are 
supported  and  why  they  are 
being  supported. 

C.  Using  quantifiers 
in  reasoning. 

Understanding  the 
use  of  terms  like 
"every,"  "some," 
and  "not". 

Knowing  that  "doctors 
recommend"  means  "some 
doctors  recommend". 
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Skill 

Description 

Examples  of  Use 

D.  Using  circle 
diagranns  to 
check  category 
nnembership. 

Combining  class 
membership 
categories  to 
determine  what  can 
be  concluded  with 
circles  that 
represent  category 
relationships. 

Some  high  school  students 
studied  Latin.  All  students  who 
studied  Latin  went  to  college. 
Can  we  conclude  that  some 
high  school  students  went  to 
college?  Solve  this  with  circle 
diagrams  by  combining  all 
combinations  of 
representations  of  the  premises. 

E.  Solving 
categorical 
syllogisms  with 
verbal  rules. 

There  are  7 rules 
that  can  used  to 
determine  if  the 
conclusion  from  a 
categorical 
syllogism  is  valid. 

All  students  need  math.  Harry 
is  not  a student.  Is  it  valid  that 
Harry  does  not  need  math? 
Check  for  a middle  term  (one 
not  in  the  conclusion)  and 
whether  it  is  distributed  in  a 
premise.  Check  for  negation  in 
the  conclusion  and  premises 
and  whether  the  conclusion  is 
particular.  By  going  though 
each  rule,  you  can  determine  if 
a conclusion  is  valid. 

F.  Understanding 
the  difference 
between  truth 
and  validity. 

Knowing  that  a 
conclusion  can  be 
valid,  but  false. 

It  may  be  valid  to  believe  that 
welfare  spending  should  be 
increased  given  a set  of 
premises,  but  the  premises  and 
the  conclusion  may  be  wrong. 

G.  Recognizing 
when  syllogisms 
are  being  used 
to  change 
attitudes. 

A particular  attitude 
is  being  advocated 
when  premises  are 
followed  with 
evaluative 
statements  that 
support  a belief. 

For  example,  "juveniles  commit 
many  crimes.  They  need 
alternatives  to  crime.  So,  fund 
activities  for  juveniles. 

Skill 

Description 

Examples  of  Use 

H.  Using  linear 
diagrams  to 
solve  linear 
syllogisms. 

Being  able  to 
arrange  objects 
along  a dimension. 

Kalin  arrived  before  joe  or 
Roberto,  but  after  Alex.  Who 
arrived  first? 

1.  Watching  for 
marked 
adjectives. 

Mark  adjectives  bias 
evaluations. 

"How  dumb  is  he?"  is  not  a 
neutral  question. 

j.  Using  the 
principles  of 
linear  orderings 
as  an  aid  to  clear 
communication. 

It  is  easier  to 
understand  linear 
orderings  when  the 
first  term  in  the 
second  premise  is 
the  second  term  in 
the  first  premise 
and  when  all 
statements  are 
positive. 

Running  burns  more  calories 
than  walking,  and  walking 
burns  more  calories  than 
sitting. 

K.  Reasoning  with 
"if,  then" 
statements. 

"If,  then" 

statements  express 

contingency 

relationships. 

If  Heather  wants  to  graduate, 
she  will  study.  The  "if"  part  is 
the  antecedent;  the  "then" 
part  is  the  consequence. 

L.  Avoiding  the 
fallacies  of 
confirming  the 
consequent  and 
denying  the 
antecedent. 

Denying  the 
antecedent  is  saying 
that  the  "if"  part 
did  not  occur; 
affirming  the 
consequent  is 
saying  that  the 
consequent 
occurred. 

Look  at  the  example  above. 
Saying  that  Heather  does  not 
want  to  graduate  does  not 
mean  that  she  will  not  study. 
Saying  that  she  will  study  does 
not  mean  that  she  wants  to 
graduate. 

M.  Examining 
reasoning  in 
everyday 
contexts  for 
missing 
quantifiers. 

Often  statements 
will  not  include 
terms  like  "all," 
"some"  or  "no." 

Saying  that  children  who  are 
abused  will  have  difficulty  in 
personal  relationships  does  not 
mean  "all"  children  who  are 
abused  although  that  may  be 
what  people  want  to  hear. 
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Analyzing  Arguments 


Skill 

Description 

Examples  of  Use 

A.  Identifying 
arguments. 

An  argument  is  an 
attempt  to  persuade 
a listener  or  reader 
with  at  least  one 
reason  and  one 
conclusion. 

We  must  increase  social 
security  benefits  because  they 
have  not  kept  pace  with 
inflation.  But,  some  elderly  are 
rich  and  don't  need  an 
increase. 

B.  Diagramming 
the  structure  of 
an  argument. 

In  an  argument, 
conclusions  are 
supported  by 
reasons.  There 
are  also 

counterarguments, 
assumptions,  and 
limiting  conditions. 

Cheating  is  okay  because 
everyone  does  it,  and  teachers 
expect  students  to  cheat 
becomes: 

Cheating  is  OK  because  everyone  does  it  and 
teachers  expect  students  to  cheat  becomes: 

Cheating  is  OK 

/ \ 

Everyone  does  it  Teachers  expect 

students  to  cheat 

C.  Evaluating 

premises  for  their 
acceptability. 

Premises  are 
acceptable  if  we  can 
reasonably  believe 
they  are  true. 

The  reason  "everyone  does 
it"  is  not  acceptable.  The 
reason  "teachers  expect 
students  to  cheat"  is  not 
acceptable. 

D.  Judging  the 
credibility  of  an 
information 
source  and 
knowing  the 
difference 
between 
expertise  in 
factual  matters 
and  in  value 
matters. 

judgments  of 
credibility  and  bias 
are  central  to 
determining  the 
quality  of 
information. 
Credible  sources 
have  expertise,  first- 
hand knowledge, 
and  no  basis  for 
gain. 

The  executives  of  a car 
company  tout  the  safety 
features  of  their  new  model  car. 
A veterinarian  argues  for  the 
use  of  animals  in  research. 

Skill 

Description 

Examples  of  Use 

E.  Determining  the 
consistency, 
relevance  to  the 
conclusion,  and 
adequacy  in  the 
way  premises 
support  a 
conclusion. 

Premises  need  to 
relate  to  the 
conclusion  and  they 
need  to  be 
consistent  with  each 
other. 

Gotton  candy  is  a healthy  snack 
because  it  is  all  natural  and 
high  in  nutrients.  In  this 
argument,  the  premise  that 
sugar,  the  only  ingredient  in 
cotton  candy,  is  all  natural  may 
be  true,  but  it  does  not  make  it 
a healthy  snack.  It  is  not  high 
in  nutrients,  so  this  argument  is 
unacceptable. 

F.  Remembering  to 
consider  missing 
components  by 
assuming  a 
different 
perspective. 

The  most  persuasive 
information  may  be 
omitted,  either 
deliberately  or 
accidentally. 

"Gandidate  Dogooder  is  great 
because  he  is  kind  to  his  dog." 
Is  other  information  omitted, 
like  he  is  a convicted  rapist? 

G.  Assessing  the 
overall  strength 
of  an  argument. 

Good  arguments 
have  strong 
support.  There  may 
be 

counterarguments, 
but  even  when  they 
are  considered, 
overall  strength  can 
be  good. 

The  political  parties  cannot  get 
along  even  though  some 
members  of  each  party  are 
willing  to  compromise.  The 
failure  to  pass  good  laws  is 
evidence  that  they  cannot  get 
along.  This  is  a fairly  strong 
argument  because  the  evidence 
(premise)  is  strong  and  even 
though  it  is  weakened  some  by 
the  counterargument,  it  is  still 
strong. 

H.  Recognizing, 
labeling,  and 
explaining  what 
is  wrong  with 
each  of  the  21 
fallacies  that  was 
presented. 

There  are  many 
common  fallacies — 
deliberately  weak 
arguments,  claims 
that  X is  true 
because  there  is  no 
disconfirming 
evidence, 
association 
arguments. 

We  cannot  ban  semi-automatic 
weapons  because  all  guns  will 
be  banned  once  we  start.  The 
health  plan  is  bad  because  the 
conservatives  support  it.  Ghosts 
must  exist  because  no  one  can 
prove  that  they  don't. 

(Continued) 
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Skill 

Description 

Examples  of  Use 

1.  Recognizing 
differences 
among  opinion, 
reasoned 
judgment,  and 
fact. 

Opinion  is  an 
unsupported 
preference; 
reasoned  judgment 
is  a conclusion 
based  on  reasons 
for  believing  it;  facts 
have  verifiable  truth 
values. 

CTs  can  recognize  the 
differences  between:  "unions 
are  needed  for  the  protection 
of  workers,  and  that's  a fact." 
"Sugar-os  is  a good  cereal 
because  it  contains  fiber."  and 
"Sugar-os  are  a good  cereal 
because  1 love  the  way  sugar-os 
taste." 

j.  Understanding 
how  visual 
arguments  can 
be  effective. 

Images  can  present 
conclusions  and 
premises. 

An  image  of  a sexy  teen 
admired  by  many  is  making 
the  argument  that  it  is  good 
for  teens  to  appear  sexy. 

K.  judging  your 
own  arguments 
for  their  strength. 

Arguments  should 
be  structured  so 
that  the  reasons 
support  what  is 
being  advocated. 

When  writing  an  essay  against 
the  death  penalty,  the  writer 
can  identify  her  own  reasons 
and  counterarguments  and 
show  their  relative  strength. 

Chapter  6 


Thinking  as  Hypothesis  Testing 


Skill 

Description 

Examples  of  Use 

A.  Recognizing  the 
need  for  and 
using  operational 
definitions. 

An  operational 
definition  is  an 
explicit  set  of 
procedures  that 
specify  how  to 
recognize  and 
measure  a 
construct. 

An  advocate  for  a group  claims 
that  unreported  spousal  abuse 
is  increasing  at  an  alarming 
rate.  CTs  will  ask  how  spousal 
abuse  has  been  defined  and 
measured. 

B.  Understanding 
the  need  to 
isolate  and 
control  variables 

In  determining 
cause,  a single 
variable  is 
manipulated,  and 

A commercial  states  that 
cholesterol  levels  were  reduced 
when  a group  began  exercising 
and  using 

Skill 

Description 

Examples  of  Use 

in  order  to  make 
strong  causal 
claims. 

the  results 
attributed  to  that 
variable  are 
compared  to 
comparable  control 
groups  in  which  the 
variable  was  not 
manipulated. 

margarine.  It  concludes  that 
margarine  use  reduces 
cholesterol.  CTs  note  the 
confounding  of  exercise  and 
margarine  use  and  do  not 
attribute  the  drop  in 
cholesterol  to  margarine. 

C.  Checking  for 
adequate  sample 
size  and 
unbiased 
sampling  when  a 
generalization  is 
made. 

Valid  generalizations 
from  samples  can 
only  be  made  when 
the  sample  size  is 
adequately  large 
(relative  to  the 
variability)  and  the 
sample  is 
representative  of 
the  population. 

As  part  of  a conversation,  a 
young  adult  states  that  she 
knows  that  old  people  like  to 
watch  wrestling  because  her 
grandmother  did.  CTs 
recognize  that  this  sample  is 
too  small  and  biased  for 
generalizations  about  all  old 
people. 

D.  Being  able  to 
describe  the 
relationship 
between  any  two 
variables  as 
positive, 
negative,  or 
unrelated. 

Two  variables  are 
positively  related 
when  increases  in 
one  occur 
concomitantly  with 
increases  in  the 
other,  negatively 
when  increases  in 
one  occur 
concomitantly  with 
decreases  in  the 
other,  and  are 
unrelated  when 
changes  in  one 
variable  are 
independent  of 
changes  in  the 
other. 

A newspaper  article  states  that 
over  the  last  1 0 years, 
marijuana  use  has  steadily 
increased  and  scholastic 
achievement  test  scores  have 
decreased.  CTs  can  describe 
this  as  a negative  relationship, 
but  understand  that  the  decline 
in  marijuana  probably  did  not 
cause  the  rise  in  test  scores. 
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Skill 

Description 

Examples  of  Use 

E.  Understanding 
the  limits  of 
correlational 
reasoning. 

Although  a 
significant 
correlation  between 
two  variables  can 
suggest  that 
changes  in  one 
variable  causes 
change  in  the  other 
variable,  this  is  weak 
evidence  for 
determining  cause. 

A social  scientist  shows  that 
there  has  been  steady  increase 
in  the  number  of  single  parent 
families  and  in  the  number  of 
crimes  committed  by  juveniles 
over  the  last  1 5 years.  She 
concludes  that  single-parent 
families  are  responsible  for  the 
increase  in  juvenile  crime.  CTs 
note  that  these  data  are 
correlational  and  cannot  be 
used  to  determine  cause. 

F.  Seeking 
converging 
validity  to 
increase  your 
confidence  in  a 
decision. 

The  use  of  multiple 
types  of  measures 
that  support  the 
same  conclusion  is 
convergent  validity. 

To  decide  if  a program  really 
does  improve  learning,  gather 
data  from  multiple  users  and 
use  different  types  of  data, 
such  as  school  grades  and 
standardized  tests. 

G.  Checking  for  and 
understanding 
the  need  for 
control  groups. 

A control  group  is 
used  for  comparison 
to  understand  if  an 
intervention 
"worked."  We  are 
limited  in  what  we 
can  conclude 
without  a control 
group. 

When  viewing  test  scores,  you 
may  see  that  on  average,  7th 
graders  at  your  local  school 
improved  over  the  last  three 
years.  Without  a control  group, 
you  cannot  understand  what 
this  means.  By  comparing  the 
scores  with  everyone  in  the 
state,  you  may  find  that  all 
scores  were  raised  because  the 
test  was  made  much  easier. 

H.  Being  aware  of 
the  bias  in  most 
estimates  of 
variability. 

Most  data  are 
variable,  and  people 
tend  to 
underestimate 
variability. 

A CT  knows  the  even  though 
he  can  name  many  outstanding 
graduates  from  a snooty 
college,  many  students  from 
that  college  did  not  have 
outstanding  careers  after 
graduation.  Students  are 
variable. 

{Continued) 


Skill 

Description 

Examples  of  Use 

1.  Considering  the 
relative 
"badness"  of 
different  sorts  of 
errors. 

Some  errors  are 
worse  than  others, 
and  because  there 
is  always 
uncertainty  in 
hypothesis  testing, 
the  relative 
"badness"  of  an 
error  needs  to  be 
considered. 

Under  U.S.  law,  it  is  worse  to 
wrongly  convict  someone  of  a 
crime  than  it  is  to  let  a guilty 
person  go  free,  so  we  require 
evidence  that  is  "beyond  a 
reasonable  doubt"  when 
deciding  on  a guilty  verdict. 

J.  Determining 
how  self- 
fulfilling 
prophecies 
could  be 
responsible  for 
experimental 
results  or  every 
day 

observations. 

When  we  believe 
that  a certain 
outcome  is  likely, 
we  often  act  in 
ways  that  make  it 
more  likely. 

If  you  believe  that  soup  cures  a 
cold,  you  are  more  likely  to 
judge  cold  symptoms  as 
improved  after  having  soup, 
even  if  there  is  no  effect. 

K.  Knowing  when 
causal  claims  can 
and  can't  be 
made. 

To  decide  if  x 
caused  y to  occur, 

X must  occur 
before  y and  you 
must  be  able  to 
rule  out  other 
confounding 
variables  that  might 
have  caused  y. 

If  children  who  attended 
preschool  are  better  readers, 
you  cannot  know  if  going  to 
preschool  caused  the 
improvement  or  some  other 
variable,  such  as  richer  kids 
attend  preschool.  This  is  why 
we  need  random  assignment 
to  groups  to  determine  cause. 
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Chapter  7 


Likelihood  and  Uncertainty:  Understanding  Probabilities 


Skill 

Description 

Examples  of  Use 

A.  Computing 
expected  values 
in  situations  with 
known 
probabilities. 

An  expected  value 
is  what  is  most  likely 
to  happen  in  the 
long  run — over 
many  trials. 

The  expected  value  of  any 
probabilistic  event  can  be 
computed  by  multiplying  the 
probability  of  each  outcome 
with  its  value. 

B.  Recognizing 
when  regression 
to  the  mean  is 
operating  and 
adjusting 
predictions  to 
take  this 
phenomenon 
into  account. 

An  extreme  score 
on  some  measure  is 
most  likely  followed 
by  a score  that  is 
closer  to  the  mean. 

It  is  a common  phenomenon 
that  a star  "rookie"  who  excels 
in  his  or  her  first  season 
performs  closer  to  average  in 
the  second  season.  CT 
recognizes  that  this  is  an 
example  of  regression  to  the 
mean. 

C.  Using  the  "and" 
rule  to  avoid 
conjunction 
errors. 

The  co-occurrence 
of  two  or  more 
independent  events 
is  less  likely  than  the 
occurrence  of  either 
one  alone. 

Physicians  describe  the  typical 
heart  attack  victim  as  male  and 
over  55.  CT  realizes  that  the 
typical  heart  attack  victim  is 
more  likely  to  be  either  male  or 
over  55  than  both  male  and 
over  55. 

D.  Using  the  "or" 
rule  to  calculate 
cumulative 
probabilities. 

The  probability  of 
either  of  several  (or 
more)  probabilistic 
results  is  the  sum  of 
the  probability  of 
each  event. 

If  the  chance  of  rain  is  0.5  for 
Saturday  and  for  Sunday,  the 
probability  of  rain  on  exactly 
one  of  these  days  is  0.5  (rain 
Saturday  is  0.5;  not  rain 
Saturday  is  0.5.  Each  of  these 
"branches"  is  connected  to  rain 
on  Sunday  which  is  0.5  and 
not  rain  on  Sunday,  which  is 
0.5;  thus  rain  on  both  days  = 
0.25;  rain  Saturday  only  0.25; 
rain  Sunday  only  0.25;  rain 
neither  day  0.25). 

Skill 

E.  Recognizing  and 
avoiding 

gambler's  fallacy. 


F.  Utilizing  base 
rates  when 
making 
predictions. 


G.  Using  tree 
diagrams  as  a 
decision  making 
aid  in 

probabilistic 

situations. 


H.  Adjusting  risk 
assessments  to 
account  for  the 
cumulative 
nature  of 
probabilistic 
events. 


Description 


Examples  of  Use 


Gambler's  fallacy  is 
the  belief  that  is  a 
probabilistic  event 
that  has  not 
occurred  in  recent 
trials  it  is  more 
likely  to  occur. 

The  initial  or  a priori 
proportion  of  some 
group  in  the 
population  is  a valid 
guide  for  predicting 
likelihoods. 


A tree  diagram 
represents  every 
possible  outcome 
in  a series  of 
outcomes  (e.g., 
birth  of  boys  or 
girls)  with 
probability  values 
along  each 
branch. 

The  likelihood  of 
two  events 
occurring  is  always 
less  than  the  less 
likely  event. 


When  flipping  a fair  coin, 
someone  who  believes  in  this 
fallacy  will  predict  that  a head 
is  more  likely  to  occur  if  the 
previous  four  flips  were  tails. 


A speaker  meets  a "quiet  man 
who  is  good  with  numbers." 
The  speaker  concludes  that 
this  man  is  more  likely  an 
accountant  than  a farmer.  GT 
knows  that  the  number  of 
accountants  in  the  population 
is  small  relative  to  farmers  and 
predicts  farmer  as  the  more 
likely  occupation. 


A tree  diagram  for  the  problem 
about  rain  on  one  day  in  the 
weekend  is: 


If  the  probability  of  becoming 
a professional  basketball 
player  is  0.01  and  the 
probability  of  living  in  NY  is 
0.02,  then  the  probability  of 
becoming  a professional 
basketball  player  and  living  in 
NY  is  less  than  0.01 . 
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Skill 

Description 

Examples  of  Use 

1.  Understanding 
the  differences 
between  mean 
and  median. 

The  median  is  the 
middle  number  in  a 
series  arranged  in 
ascending  (or 
descending  order); 
the  mean  is  the  sum 
of  all  numbers 
divided  by  the 
number  of  numbers 
added  together. 

If  three  friends  earned  $8,  $20, 
and  $500  an  hour,  the  median 
is  $20,  the  mean  is  $1  76  an 
hour — big  difference. 

J.  Avoiding 
overconfidence 
in  uncertain 
situations. 

By  definition,  there 
is  uncertainty  in 
probabilistic  events, 
but  most  people  are 
more  confident  in 
their  decisions  than 
the  probabilities 
allow. 

The  stock  market  is 
probabilistic  with  many 
random  variations,  yet  some 
people  invest  too  much  money 
on  a particular  stock  because 
they  have  overestimated  the 
probability  that  the  stock  will 
continue  to  rise. 

K.  Understanding 
the  limits  of 
extrapolation. 

Extrapolation  is 
using  trends  in  data 
to  make  estimations 
of  future  events — a 
process  that  is 
meaningful  only  if  it 
is  not  extended  too 
far  in  time  and 
other  factors  can  be 
assumed  to  remain 
constant. 

The  population  council 
concludes  that,  based  on 
current  birth  rates,  there  will  be 
no  resources  to  feed  the 
multitudes  by  the  year  2050. 
CTs  know  that  the 
extrapolation  is  based  on  the 
assumption  that  there  will  be 
no  changes  in  contraception, 
fertility  practices,  or  food 
resources. 

L.  Using  probability 
judgments  to 
improve  decision 
making. 

Most  future  events 
are  uncertain.  It  is 
often  possible  to 
estimate  the 
probability  of 
outcomes,  which 
can  lead  to  better 
decisions. 

If  the  probability  of  rain  in  your 
region  is  68%  in  a particular 
month,  it  would  not  be  a good 
idea  to  plan  an  outside 
wedding  if  the  idea  of  rain  on 
your  wedding  is  highly 
aversive. 

(Continued) 
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Skill 

Description 

Examples  of  Use 

M.  Considering 
indicators  like 
historical  data, 
risks  associated 
with  different 
parts  of  a 
decision,  and 
analogies  when 
dealing  with 
unknown  risks. 

New  risks  can  be 
considered  by  using 
historical  data, 
calculating  the 
probability  of 
component  parts, 
and  using  analogies. 

A chemical  warfare  plant  is 
planned  for  your  community. 
CTs  can  think  about  risks  by 
looking  at  other  similar  plants, 
estimating  component  risks, 
and  using  analogies  from  other 
chemical  plants. 

Chapter  8 


Decision  Making:  It  is  a Matter  of  Choice 


Skill 

Description 

Examples  of  Use 

A.  Listing 

alternatives  and 
considering  the 
pros  and  cons  of 
each. 

Coming  up  with 
several  possible 
ways  to  satisfy  the 
goals  of  the 
decision. 

Two  alternatives  are  1 ) provide 
incentives  to  keep  health  care 
costs  down;  2)  add  basic 
medical  information  to  high 
school  curricula. 

B.  Reframing  the 
decision  so  as  to 
consider  different 
types  of 
alternatives. 

The  deliberate  use 
of  different  ways  of 
phrasing  a decision 
that  needs  to  be 
made. 

Changing  the  wording  in  a 
decision  such  as  "how  can  we 
provide  low  cost  health  care  to 
everyone?"  To  "how  can  we 
reduce  the  cost  of  quality  health 
care?" 

C.  Recognizing  the 
need  to  seek 
disconfirming 
evidence  and 
deliberately 
seeking 
disconfirming 
evidence. 

There  is  a pervasive 
bias  to  seek 
information  that 
confirms  what  we 
believe  to  be  true. 

Make  a conscious  effort  to  find 
information  that  would  not 
support  the  decision  to  have 
children  when  you  are  inclined 
to  have  children. 

(Continued) 


Skill 

Description 

Examples  of  Use 

D.  Understanding 
the  way  that 
information  that 
is  readily  recalled 
or  information 
that  appears 
representative  of 
a random  process 
can  influence  how 
decisions  are 
made. 

Information  that  is 
readily  recalled 
seems  more  familiar 
and  more  frequent 
than  information 
that  is  difficult  to 
recall. 

We  tend  to  overestimate  the 
threat  of  events  that  are  easy  to 
recall,  such  as  a cruise  boat 
sinking  instead  of  events  that 
really  are  more  frequent,  such 
as  diabetes. 

E.  Considering  how 
overly  optimistic 
assessments  bias 
the  selection  of 
alternatives. 

People  tend  to 
believe  that 
outcomes  that  they 
want  to  happen  are 
more  likely  to  occur 
than  those  they  do 
not  want  to  happen. 

People  who  buy  lottery  tickets 
wildly  overestimate  their 
chance  of  winning  a large 
amount  of  money. 

F.  Recognizing 
arguments  that 
are  based  on 
entrapment  and 
considering  why 
the  costs  have 
been  high. 

Entrapment  occurs 
when  a course  of 
action  requires 
additional 

investments  beyond 
those  already  made. 

Shana  decides  to  stick  with  her 
boyfriend  who  treats  her  badly 
because  she  has  already 
invested  several  years  in  the 
relationship. 

G.  Being  mindful  of 
the  way  liking 
can  affect  the 
evaluation  of 
alternatives. 

When  we  like 
someone,  we  tend 
to  evaluate 
information  from 
that  person  as  more 
accurate  than  from 
someone  we  dislike. 

If  a friendly  physician 
recommends  an  operation,  we 
need  to  be  as  likely  to  get  a 
second  opinion  as  when  the 
recommendation  comes  from 
an  unfriendly  physician. 

H.  Evaluating 
positive 
assessments  of 
alternatives  that 

Reciprocity  is  a 
powerful  variable. 
We  are  likely  to 
"repay"  someone 

We  are  more  likely  to  buy  a 
product  when  we  receive  a 
sample  than  if  we  do  not 
receive  a sample. 

Skill 

Description 

Examples  of  Use 

are  based  on 
reciprocity  or 
familiarity. 

even  when  the 
"gift"  we  receive  is 
worthless  and 
unwanted. 

1.  Seeking 
information  to 
reduce 

uncertainty  when 
making  risky 
decisions. 

Decisions  involve 
future  events,  and 
there  is  always 
uncertainty  in  the 
future.  We  can 
often  reduce  the 
uncertainty  with 
more  data 
gathering. 

If  you  want  to  know  about 
employment  opportunities  for 
someone  with  a computer 
science  degree,  you  would 
review  various  employment 
predictions,  including  the  ones 
from  the  department  of  labor. 

J.  Preparing  a 
decision-making 
worksheet  for 
important 
decisions. 

It  is  a procedure  for 
listing  alternatives 
and  important 
considerations  and 
then  calculating  a 
decision. 

In  deciding  what  to  do  about  a 
revolution,  the  leaders  could 
list  possible  actions,  analyze 
and  weigh  them,  and  then 
calculate  a decision. 

K.  Understanding 
the  distinction 
between  the 
quality  of  a 
decision  and  its 
outcome. 

Given  the 
uncertainty  of  the 
future,  sometimes  a 
good  decision  will 
have  a poor 
outcome  and  a poor 
decision  will  have  a 
good  outcome. 

You  might  win  by  betting  all  of 
your  money  on  a horse  race, 
but  it  is  still  a poor  decision. 

L.  Understanding 
the  way  emotional 
states  like 
reactance  and 
anger  can  affect 
the  way  we 
evaluate 
alternatives  and 
behaving  in  ways 
that  minimize 
their  effects. 

Reactance  is 
wanting  to  do 
something  we  are 
not  permitted  to 
do,  even  if  we 
would  not  want  to 
do  it  if  we  were 
permitted. 

By  forbidding  teen  lovers  to  see 
each  other,  they  may  increase 
their  resolve  to  be  together  just 
because  it  is  not  permitted. 

(Continued) 
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Skill 

Description 

Examples  of  Use 

M.  Recognizing  that 

Hindsight  analysis  is 

After  a parolee  kills  someone, 

hindsight 

the  reevaluationof  a 

many  people  want  to  fire  the 

analysis  of  a 

decision  after  its 

parole  board.  CT  knows  that 

decision  is 

consequences  are 

the  decision  to  parole  the 

usually  biased 
and  of  limited 
value.  Hindsight 
analysis  is  the 
reevaluation  of  a 
decision 
after  its 
consequences 
are  known. 

known. 

convict  may  have  been 
reasonable  at  the  time  it  was 
made. 

Chapter  9 


Development  of  Problem-Solving  Skills 


Skill 

Description 

Examples  of  Use 

A.  Planning  and 
monitoring  a 
strategy  for 
finding  a 
solution. 

When  solving  a 
problem,  a CT  will 
be  clear  about 
stating  the  goal  and 
the  ways  of  getting 
from  the  start  state 
to  the  goal. 

If  you  want  to  save  money 
for  a new  car,  you  need  to 
know  how  much  money  you 
will  need  (cost  of  car, 
insurance,  title,  etc.)  and 
make  a plan  for  saving 
money  in  installations  to 
reach  your  goal. 

B.  Identifying  any 
problem  as  either 
well-defined  or 
ill-defined  and 
adjusting  your 
solution  plan 
according  to  the 
type  of  problem. 

Most  real-life 
problems  are  ill- 
defined;  that  is, 
there  are  many 
possible  goals  and 
ways  to  achieve 
them. 

Several  ways  of  increasing  sales 
are  described.  CTs  redefine  the 
problem  to  include  other  ways 
to  increase  profits  (e.g.,  cut 
inventory). 

Skill 

Description 

Examples  of  Use 

C.  Using  graphs, 
diagrams, 
hierarchical  trees, 
matrices,  and 
models  as 
solution  aids. 

It  is  useful  to  use  a 
visual  representation 
to  solve  many 
problems. 

Draw  the  information  given  in 
math  and  word  problems  as  an 
aid  to  solving  them. 

D.  Devising  a 
quality 

representation  of 
a problem. 

Visual 

representations  of 
problems  can  assist 
with  comprehension 
and  serve  as  a 
problem-solving 
aid. 

A problem  is  described  verbally. 
The  task  for  the  CT  is  to  depict 
the  information  in  a graphic 
display  in  order  to  solve  it. 

E.  Selecting  the 
problem-solving 
strategies  that 
are  appropriate 
for  the  problem. 

There  are  many 
different  strategies 
that  can  help  solve 
problems.  CTs  know 
how  to  select  from 
among  them. 

A problem  involving  categories 
of  information  is  approached 
with  a matrix,  which  is  well 
suited  for  this  sort  of  problem. 

F.  Using  all  of  the 
following 
strategies:  mean- 
ends  analysis; 
working 
backwards; 
simplification; 
generalization 
and  specialization; 
random  search 
and  trial-and- 
error;  rules;  hints; 
split-half  method; 
brainstorming; 
contradiction; 
analogies  and 

Several  strategies 
for  solving  problems 
were  presented  in 
the  book.  CTs  know 
when  each  is  the 
appropriate  tool  for 
solving  a problem. 

When  designing  a desk  with  a 
large  surface  area  that  takes  up 
only  a small  amount  of  space, 
use  the  method  of 
contradiction — ^you  may  end 
up  with  a desk  that  expands 
and  folds  for  storage. 

(Continued) 


Skill 

Description 

Examples  of  Use 

metaphors; 
consulting  an 
expert;  and 
crowdsourcing 
(when 

appropriate). 

G.  Demonstrating 
an  awareness  of 
functional 
fixedness  so  as  to 
avoid  it. 

Functional  fixedness 
is  the  inability  to 
see  how  something 
can  be  used  in  a 
way  that  is  different 
from  its  usual 
function. 

When  you  use  a shoe  as  a 
hammer  or  a stapler  to  fix  a 
hem,  you  are  demonstrating 
that  you  can  "break  out  of" 
functional  fixedness. 

H.  Distinguishing 
between  relevant 
and  irrelevant 
information. 

In  real  life,  we  often 
have  information 
available  that  is  not 
relevant  to  solving  a 
problem. 

Focusing  on  climate-related 
information  can  help  us  solve 
the  problem  of  climate  change 
without  being  side-tracked  with 
irrelevant  information  that 
paints  political  parties  in  good 
or  bad  ways — political 
digressions  unrelated  to  climate 
change. 

1.  Understanding 
how  world  views 
can  constrain  the 
problem-solving 
process. 

We  all  operate  in  a 
culture  and  we 
often  cannot  "see" 
solutions  that  are 
not  culturally 
acceptable. 

In  some  cultures,  people  often 
barter  for  goods  when  money 
is  short,  but  few  people  in 
cultures  where  this  is  not 
customary  think  about  the 
possibility  of  bartering. 

J.  Recognizing  the 
critical  role  of 
persistence. 

One  of  the  best 
predictors  of  success 
when  solving 
problems  is 
persisting  until  a 
good  solution  is 
found. 

When  encountering  a difficult 
problem,  a CT  doesn't  quit 
when  a solution  is  not 
immediately  obvious,  but 
keeps  working  on  it. 
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Skill 

Description 

Examples  of  Use 

A.  Defining  a 
problem  in 
multiple  ways. 

Phrase  the  problem 
in  several  different 
ways  to  come  up 
with  different  types 
of  solutions. 

Instead  of  asking  "How  can  1 
get  a new  job?"  Ask  "What  do 
1 really  want  from  a job?"  Or 
"How  can  1 have  more 
money?" 

B.  Brainstorming  to 
increase  the 
number  of  ideas 
produced. 

Without  censoring 
or  evaluation,  list  as 
many  solutions  to 
the  problems  as 
possible. 

In  finding  ways  to  save  money, 
list  every  money  savings  idea 
you  can.  Best  if  done  alone  first 
and  then  in  a group. 

C.  Working  with 
people  from 
different 
backgrounds 
in  order  to 
increase  the 
probability  of 
bisociative 
thinking. 

People  from  various 
backgrounds  will 
approach  novel 
problems  in 
different  ways. 

Form  a diverse  team  to  solve 
difficult  problems,  such  as  how 
to  improve  the  lives  of  poor 
people  around  the  world. 

D.  Considering  the 
physical  changes 
listed  in  the 
creative  ideas 
checklist. 

Generate  and  use 
lists  of  ways  that  a 
solution  can  vary. 

If  designing  a new  toy,  list  ways 
that  toys  can  vary — size,  color, 
etc. 

E.  Arranging  the 
environment  to 
maximize 
intrinsic 
motivation. 

Intrinsic  motivation 
is  often  related  to 
creative  thinking.  It 
is  the  desire  to 
work  on  a problem 
because  the 
process  is 
enjoyable. 

Avoid  setting  time  limits  on 
solutions  (to  the  extent 
possible)  and  paying  for 
creative  outcomes. 

(Continued) 


Skill 

Description 

Examples  of  Use 

F.  Encouraging  an 
attitude  of  risk 
taking. 

Creative  thinking  is 
unusual  by 
definition.  We  need 
to  encourage 
people  to  take  some 
risks  and  break 
away  from 
traditions. 

Do  not  punish  poor  outcomes 
or  failures  to  solve  novel 
problems  because  these 
responses  will  discourage  risk 
taking. 

G.  Evaluating 

possible  solutions 
using 

suggestions  for 
altering  products. 

Think  how  you  can 
combine,  reverse,  or 
substitute  to  create 
a novel  product. 

When  thinking  about  new  ways 
to  cook,  combine  ingredients 
that  usually  do  not  go  together 
and  substitute  honey  or  apple 
sauce  for  sugar. 

H.  Listing  and 
combining 
attributes  to 
devise  a novel 
product. 

Create  a matrix  of 
relevant  attributes 
and  then  combine 
cells. 

List  the  parts  of  a dress  and  the 
ways  each  can  differ,  then 
create  combinations. 

1.  Forming 
sentences  about 
the  problem 
using  relational 
words. 

Think  about 
through,  off,  after, 
from,  and  to  when 
considering  new 
ways  to  get 
something  done. 

When  planning  a route  with  a 
mountain  in  the  way,  think 
about  driving  around  it,  over  it, 
even  through  it,  if  that  is 
possible. 

J.  Evaluating 
solutions  and 
other  aspects  of 
the  problem 
along  the 
dimensions  of 
plus,  minus,  and 
interesting. 

List  the  positive, 
negative,  and 
interesting  aspects 
of  various  solutions. 

Use  these  three  columns  to 
evaluate  solutions  to  the 
problem  of  world  hunger. 

K.  Listing  terms  that 
are  related  to  the 
problem  before 
you  attempt  a 
solution. 

Before  attempting  a 
solution,  write 
down  all  terms  that 
come  to  mind  when 
you  think  about  the 
problem. 

When  thinking  about  ways  to 
improve  the  possibilities  for 
peace  in  the  Middle  East,  list  all 
the  relevant  terms  that  come 
to  mind  in  a 10-minute 
interval. 

Skill 

Description 

Examples  of  Use 

L.  Gathering 
additional 
information. 

Keep  the  problem 
in  mind  as  you. 

Go  about  idea-enhancing 
activities.  Read,  watch  quality 
programs,  write,  etc.  as  you 
think  about  a problem. 

M.  Using  analogies 
to  make  the 
unfamiliar 
known  and 
distorting 
analogies  to 
make  the 
familiar 
unknown. 

Apply  solutions  and 
ideas  across 
different  domains  of 
knowledge. 

Use  knowledge  about  the  ways 
animals  keep  cool  to  design  a 
way  to  keep  food  cool. 

N.  Visualizing  the 
problem. 

Image  yourself  as 
part  of  the  problem 
and  try  to  "see"  it 
from  other 
perspectives. 

View  the  problem  of  teen 
violence  from  the  perspective 
of  the  teens,  police,  victims, 
parents,  etc. 

O.  Using  the 
hypothesis 
generating 
suggestions  such 
as  counter- 
examples, 
opposites, 
anomalous  data, 
and  the  others. 

Thinking  about 
ways  the  opposite 
could  be  true 
(clothing  could  be 
warm  and  light), 
extrapolating  from 
similar  problems, 
and  paying 
attention  to  outliers 
can  help  CTs  be 
more  creative. 

Think  why  one  person 
responded  very  differently  from 
the  other  people — could  it  be  a 
difference  in  how  the  question 
was  understood?  How  can 
something  be  both  hot  and 
cold  at  the  same  time? 

P.  Discouraging 
group 

cohesiveness  so 
unusual 

thoughts  can  be 
considered 

When  groups 
require  that  all 
decisions  be 
unanimous,  they 
lose  the  input  from 
unusual  thinkers. 

Encourage  people  to  come  up 
with  different  sorts  of  solutions 
and  to  value  disagreement. 
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Skill 

Description 

Examples  of  Use 

A.  When  deciding 
which  skill  to  use, 
think  about  the 
thinking  skills 
framework. 

The  thinking  skills 
framework  is  four 
questions:  What  is 
the  goal?  What  is 
known?  Which  skills 
will  get  you  to  your 
goal?  Have  your 
reached  your  goal? 

If  you  want  to  be  healthy  and 
happy,  your  goal  is  to  make 
good  health,  career,  and 
personal  decisions.  The  knowns 
are  information  about  your 
strengths  and  weaknesses.  Will 
you  exercise  regularly?  Eat 
well?  Study  to  achieve  a career 
goal?  Engage  in  meaningful 
relationships?  These  sorts  of 
long-term  goals  will  need  to  be 
reevaluated  throughout  your 
life  span. 
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